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EjiEGTRiCAL engineers have such an enormous library from which to select 
their technical literature that to increase its dimensions must be considered 
an offence, unless it can be shown that there is room for a new book on 
any particular subject. My excuse for so trespassing must be that, 
although many books exist on boilers, engines, electric generators, mains, 
transformers, lamps, etc., no one has dealt exclusively with that part of 
the system that has been rightly termed the ' nerve centre.' 

A reason for this apparent neglect of a very important section is to be 
found in the fact that such rapid advances in switchgear design are daily 
being made that it is almost impossible for a book, which necessarily is 
some months in passing through the press, to be absolutely up-to-date. 

It should be explained at the outset that the present work does not 
pretend to be purely a record of the best modern practice in switchgear 
design. Quit^ a large proportion of it is devoted to descriptions of various 
kinds of apparatus that have been abandoned^ with, in many cases, a brief 
explanation of the reasons of failure. 

Some engineers claim that their time is too valuable to waste in 
endeavouring to understand failures, and they are quite content to be 
guided in the preparation of their schemes by the dictates of fashion. 
But to the engineer who, when he meets a difficulty, is not satisfied 
until he has got to the bottom of it — to the designer who will often make 
efficient use of a device that has failed by applying it to another purpose, 
and to the student who conscientiously wishes to prepare to deal with 
the difficulties he may meet with in his after career — the brief records 
given of difficulties that have been encountered in the evolution of 
modem switchgear will, I trust, prove of some assistance. 

There are certain classes of switchgear that I have not attempted to 
deal with, such as small installation switches, motor controllers, and 
automatic pressure regulating devices, all of which might have come 
within the scope of the work ; but the subject as a whole is such an 
inexhaustible one that 1 have thought it best to confine my attention to 



VI PREFACE. 

the control of that portion of the system between the generators and the 
distributing centre. 

I wish to take this opportunity of thanking the many friends who have 
assisted me in this work, particularly the engineers and manufacturers who 
have lent me drawings and blocks and furnished me with full information 
respecting their designs. 

My thanks are especially due to my friends, Mr A. H. Foyster and 
Mr C. S. Thomson, for the great assistance they have given me in 
correcting the proofs, and to my late assistant, Mr C. Hanna, by whom 
over 150 of the line drawings and diagrams with which the book is 
illustrated were drawn. The majority of these were specially designed 
with a view to showing as simply and clearly as possible in one illustration 
those features of the apparatus to which it was desired to draw attention. 
I must also acknowledge the help of another old assistant, Mr C. Coleman, 
who, in the small hours of many a night during the past ten years, has 
assisted me in carrying out the various experiments referred to. 
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Cromwell CflAMBERfi, 
Manchester, September 1904. 



CONTENTS. 



-♦♦- 



PAOK 



CHAPTER I. 
General Puinciples op Switchgear Design. 

Introdactory remarks — The great importance of simplicity — Advantage of 
single-pole switchgear for earthed systems — Fire risks to be guarded 
against — Necessity of non-combustible construction — Fires liable to be 
started by : — excessive arcing, insufficient area of conductors, the scattering 
of molten metal, and bad contacts, or the failui*e of insulation— Precautions 
against accidents to attendants— Notes re earthing — The advantages and 
disadvantages of earthing cases of instruments, etc — Duplication of *bus 
bars and fuses sometimes useful, if not allowed to involve complication — 
Importance of accessibility and standardisation — The advantages and 
disadvantages of compact and scattered switchgear — American views 
on this subject — Capital outlay on switchgear should be considered, 
particularly for small installations — The best position for switchboai-d, 
whether this should be in the engine-room or in a separate switch-room . 1 

CHAPTER II. 
Constructional Details. 

The use of connectors, switches, and circuit-breakers — Connectors and switches 
required to carry full load current without heating — Circuit- breakers 
further required to break full load current without excessive arcing — 
Respective advantages and disadvantages of various types of connectors — 
Various forms of contacts for switches and circuit-breakers — Insulators ; 
the use of slate, marble, ebonite, mica, porcelain, etc. — The arrangement 
of regulating rheostats — Types of rheostats : * Ward-Leonard,* * Brush,* 
* Ferranti,* * Cowan,* * Westinghouse,* etc 11 

CHAPTER III. 

Circuit-Brbakers or Current-Interrupting Devices. 

Various methods of breaking an arc : Quick break, Carbon break. Water break, 
Magnetic blow-out, Shutter break. Oil break. Multiple break, etc. — 
Prof. Hopkinson*s experiments — Respective functions of manual, mechani- 

■ • 

VI 1 



VI 11 CONTENIU 



PAOI 



cally operated, and fusible circuit-breakers — Field circuit-breakers, cou- 
structed to insert resistance or short circuit field on opening— Examples 
of quick break circuit-breakers : * Kordey,* ' Westinghouse,' etc. — 
Examples of water break circuit- breakers : * Raworth/ ' C!owan,' ' Brush,* 
etc. — Examples of blow-out circuit-breakers: * Fowler,* 'Bates,' 

* Schuckert,' * Stanley,' * Cowan,* etc.— Horn break circuit-breakers — 
Experiments to show that their action is not due to heated ail* — Theory 
explained — Modified arrangement of horns — Blow-pipe action of horn 
break fuse — Liability to induce surgings in high-tension cables— Carbon - 
tipped horn break circuit-breaker — 'Siemens* plunger circuit-breaker — 

* Partridge * vacuum circuit • breaker — * Partridge ' sparklet fuse — 
Examples of oil break circuit- breakers : ' Ferranti * H.T. oil fuse, ' Ferranti * 
extra H.T. multiple oil fuse — * Ferranti,' 'Cowan,* and 'Stanley* oil 
break switches — ' Schuckert * and * Parshall ' multiple break circuit- 
breakers — Shutter circuit-breaker — • Mordey * dust fuse — Shunted 
circuit-breakers 32 



CHAPTER IV. 
Automatically Operated Circuit-Breakers. 

Relative advantages of magnetic cutouts and fuses ; lack of time element in 
the former, and uncertainty in the latter— Examples of excess current 
cutouts: ' Elwell-Parker,* 'Ward-Leonard,' *LT.E.,' 'Schuckert,* 
* Cowan,* etc.— Examples of time element excess current cutouts: 
Clockwork, 'Gibboney,' ' Rucker,' ' Hobart,* ' Charlton,* etc. — Zero or 
minimum cutouts — ' Raworth * zero cutout — Characteristic curves of zero 
cutouts and various reverse current cutouts — Manchester type of reverse 
current release 66 



CHAPTER V. 
Alternating Reverse Current Devices. 

The use of fuses between altei-nating current generators and 'bus l)ars — The 
need for automatic cutouts, or some de\ice for indicating which generator 
is failing — The ' Raworth ' discriminating fuse — A simple series and 
shunt wound solenoid for operating discriminating cutouts — ^The disad- 
vantages of this arrangement — The use of a double shunt wound solenoid for 
this purpose — A simple catch for controlling operating weight of cutout — 
The necessity of adjusting induction of shunt circuit to meet all conditions 
— A closed iron magnetic release for reverse current cutouts — The use of a 
cutout release as a relay to close a local circuit through a lamp to indicate 
failing generator — A simple indicating transformer for tliis purpose — The 
uselessness of attemi)ting to protect duplicate mains by fuses — The 
attempt to use return current cutouts, and the use of a discriminating 
choking coil for this purpose — A method of automatically operating the 
switches at the distributing end of duplicate mains by a static relay — 
Other methods of automatically controlling these switches — The applica- 
tion of discriminating choking coils to polyphase duplicate transmission 
lines — Protection of multiple feeders 90 



CONTENTS. IX 

CHAPTER VI. 
Arranqbment of 'Bus Bars and Apparatus for Parallel Running. 

PAOX 

Obsolete system of running separate generators on separate feeders— Various 
methods of duplicating 'bus bars — Requirements to be fulfilled in dupli- 
cating 'bus bars — Examples of methods of duplicating or sectionising 'bus 
bars: * Niagara,' 'Bertram,' ' Metro]K)litan Street Railway Company, 
New York,' and * Hastings '—Paralleling devices — A crude and simple 
synchroniser — Ordinary synchroniser— Methods of connecting up syn- 
chronisers — Method of testing synchroniser connections— Rotary syn- 
chronisers : ' Ferranti' painted field magnets, * Lincoln ' and * Edgecumbe * 
rotating pointers, ' Schuckert ' rotating lamp, and another rotating lamp 
device — Aids to {larallel running : Artificial load, choking coils, and 
automatic cutouts, all unnecessary for modem generators . 117 

CHAPTER VII. 

General Arrangement of Controlling Apparatus for 

High-Tension Systems. 

Examples of com|)act, directly controlled switchgear : * Ferranti ' standard 
high-tension and extra high-tension switchgear, ' Cowan ' hinged panel gear, 
* Hastings ' gear, and ' Brush ' standard switchgear — Examples of isolated 
directly controlled gear : ' Glasgow * cubicle switchgear, ' Raworth * pillar 
gear — Indirectly controlled systems : * Berlin ' mechanically controlled 
switchgear: * New York Metropolitan Street Railway,' and 'Niagara' 
pneumatically and electrically controlled switchgear .... 134 

CHAPTER VIII. 

General Arrangement of Controlling Apparatus for 

Low-Tension Systems. 

B.O.T. traction panel -Newington switchboard — McDonald Road, Edinburjijh, 
switchboard — * Glasgow ' : generator panels opjwsite each machine, feeder 
panels arranged on gallery above in groups of eight, with alternate 
groups of positive and negative feeders — * Hackney ' : generator and feeder 
panels arranged back to back — * Willesden ' : modification of * Ferranti ' 
high-tension board with special selector switches for connecting generators 
to 'bus bars — * Kelvin and White ' switchboard at Glasgow Exhibition ; 
positive and negative panels placed one over the other — * Boston' switch- 
gear, equipped with motor-operated switches 157 

CHAPTER IX. 

Examples of Complete Installations. 

* Edinburgh * : low-tension, continuous current three-wire system ; general 
arrangement of apparatus, method of obtaining diffei*ent pressures for 
long and short feeders, battery charging and regulating arrangements, and 
signalling arrangements — 'Hull': high-tension, constant pressure, con- 
tinuous current system ; rotary transformers in sub-stations controlled by 



CONTENTS. 



PAGB 



speciAl long-distance switches and pilot wires from generating station — 
' Hastings ' : single-phase alternating current system ; construction, 
general arrangement, and equipment of sub-stations ; area of supply 
divided into two large networks, each network being subdivided into a 
number of small networks interconnected at sub-stations only ; arrange- 
ments for cutting off the whole of the high-tension feeders and transformers 
during the hours of light load 177 



CHAPTER X. 

LONQ-DlSTANOB TRANSMISSION SCHEMES. 

Deteimination of line pressure— The use of copper, aluminium, or steel for over- 
head conductors — Wooden or steel posts for transmission lines — Insulators, 
glass and porcelain — Leading in wires — Cable charging devices — Pressure 
rises due to open air arcs— Lightning arrestor«: 'Thomson,* 'Siemens,* 
*Wurtz,* and 'Stanley' — Arrangement of choking coils and lightning 
arresters — Requirements that should be fulfilled by lightning arresters — 
Earthed guard wire for lightning protection — Regulation of pressure, 
' Cowan-Still ' regulating transformer — 'Paderno' three-phase transmission 
scheme — 'Thury's' E.H.T. constant current system; simplicity of con- 
trolling arrangements ; regulation of motors ; excess potential cutout — 
Yaltellina Electric Railway ; motors coupled in cascade .... 1 99 

INDEX 228 



LIST OF ILLUSTRATIONS. 



i««- 



no. PAOB 

1. Diagram illustrating danger of fusing both poles of alternating current 

generator, 3 

2. A cable subway, 5 

8. Flat- face cable connector 12 

4. Coned plug cable connector 13 

5. Self -locking cable connector, 13 

6. 'Bus bar connector, 14 

7. Self -locking terminal thimble 15 

8. Laminated brush switch, 15 

9. Laminated contact piece connecting solid contacts mounted on insulators, . 16 

10. An improved laminated contact piece, 16 

11. Elwell-Parker laminated contact, .17 

12. ' S ' laminated brush contact, 18 

13. Jamb brush contact 18 

14. Baworth round cast contact, 19 

15. Raworth flat contact, 19 

16. Kaworth taper contact, 19 

17. Multiple blade contact, 20 

18. Corrugated porcelain insulator, 21 

19. Petticoat insulator, 22 

20. Westinghouse motor-driven rheostat, 28 

21. Ward-Leonard rheostat (front view), 24 

22. Ward-Leonard rheostat (back view), 24 

23. Ward-Leonard multiple rheostat, 25 

24. Brush rheostat, 25 

25. Section of Ferranti rheostat, 26 

26. Photo of Ferranti rheostat 26 

27. Cowan rheostat (front view), 27 

28. Cowan rheostat (back view), 27 

29. Controlling pillar of rheostat, 28 

30. Single unit of Cowan rheostat 29 

31. Single unit of large-capacity Cowan rheostat, 29 

82. Diagrammatic view of interior of fig. 81, 30 

33. Single unit of Electric Controller rheostat, 30 

34. Curve showing suddenness of interruption due to magnetic blow-out, . 34 

85. Brush liquid break field switch, 35 

86. Diagram of connections of Siemens field switch, 36 

xi 



XU LIST OF ILLUSTRATIONS. 

FIO. PAOK 

87. Diagram of conuections of Cowan-Still field switch 37 

88. Photo of Cowan-Still field switch, 88 

89. Diagram of double-pole field switch, 89 

40. Divided blade quick bi-eak switch, 39 

41. Hamlyn carbon break switch, 40 

42. Mordey trigger switch, 41 

48. Westinghouse long break switch 42 

44. Raworth water break switch, 43 

45. Bates fuse 44 

46. Schuckert fuse, 45 

47. Stanley fuse in contacts, 46 

48. Section of Stanley ball fuse, 47 

49. Stanley fuse blowing, 47 

60. Section of Dale fuse, 48 

51. Schuckert horn break switch, 49 

52. Diagram illustrating theory of horn break blow-out, 50 

58. Flat horizontal horn break fuse, 51 

54. Action of flat horns neutralised, 51 

55. Long and short horn break fuse, 52 

56. Photo of arc caused by long and short horns, 52 

57. Photo of arc due to horns of usual shai)e 53 

58. Photo of arc from flat horns, 54 

59. A simple horn break fuse, 55 

60. Siemens plunger switch, 55 

61. Partridge piston switch, . . .56 

62. Partridge sparklet fuse, 57 

68. FeiTanti oil break fuse, 67 

64. FerrantiKH.T. oil break fuse, 68 

65. Ferranti oil break switch, 59 

66. Ferranti E.H.T. multiple oil break switch, 60 

67. Section of Cowan oil break switch, 61 

68. Section of Stanley oil break switch, 62 

69. Stanley oil break switch in jiosition behind panel, 62 

70. British Schuckert H.T. roller switch 68 

71. Parshall double break switch, 64 

72. Peardfuse, 65 

78. Elwell- Parker cutout, 67 

74. Photo of large Elwell-Parker cutout 68 

75. Ward-Leonard cutout, . . 69 

76. I.T.E. cutout, 70 

77. British Schuckert cutout, 71 

78. Cowan J.M. cutout, 72 

79. Detailsof the Cowan J.M. cutout, 73 

80. Clockwork time element device for cutouts, 76 

81. Rucker's time element device 77 

82. Barton's time element thermal cutout 79 

83. Raworth zero cutout, 80 

84. Characteristic curve of zero cutout, 81 

86. Curve of comi^und wound cutout. Shunt normally helping series, . 83 

86. Curve of compound wound cutout. Shunt normally opposing series, 84 

87. Curve of differentially wound shunt cutout, 85 

88. Characteristic curve of shunt motor type of release, 86 

89. Curve of Manchester dynamo type of cutout, 87 



LIST OF ILLUSTRATIONS. Xlil 

90. Manchester dynamo type of cutout, 86 

91. Raworth discriminating cutout for alternating currents, .... 93 

92. Curves illustrating theory of magnetically operated discriminating cutout, . 94 

93. Curves showing reversed pull due to series current being out of phase with 

Cs» jfL, S ,f ... ......... vO 

94. A simple magnetically operated discriminating cutout release, ... 96 

95. An improved discriminating release 97 

96. A simple and reliable catch, 98 

97. Curves showing equal cutting-out and holding-in pulls due to a phase displace- 

ment of 90', 99 

98. Shunt wound motor type of cutout release, 100 

99. A 4000-ampere discriminating cutout, 101 

100. Section of multiple pole release, 102 

101. Unassembled parts of multiple pole release for discriminating cutouts, . . 102 

102. Diagram of discriminating relay, 103 

108. A simple discriminating relay, 104 

104. Diagram of current direction indicator, 10«5 

105. Current direction indicator constructed to fit Ferranti fuse contacts, . .106 

106. Current direction indicator having no series winding, 106 

107. Diagram illustrating method of operating generator cutouts by current direc- 

tion indicator, 107 

108. Diagram illustrating uselessness of attempting to protect duplicate feeders 

with fuses 108 

109. Choking coil protection of duplicate feeders, 108 

110. Diagram illustrating method of maintaining choking coil non-inductive when 

working on one feeder only, Ill 

111. Method of oi)erating cutouts, protecting duplicate feeders, by static relays, . Ill 

112. Another method of controlling duplicate feeder cutouts, .... 112 

113. Diagram illustrating how current is induced in secondary of transformer con- 

trolling faulty feeder, 113 

114. Discriminating choking coils for three-phase feeders, . . . . . 114 

115. Method of protecting multiple feeders by discriminating choking coils, . . 115 

116. Do. do. do. do. . . 116 

117. Niagara duplication of 'bus bars, 119 

118. Bertram's system of ring *bus bars, 120 

119. Clothier's system of duplicate 'bus bars, 120 

120. New York Metropolitan system of duplicate 'bus bars, 121 

121. Method of duplicating 'bus bars employed at Hastings, 122 

122. Ordinary connections to synchroniser transformers and voltmeter, . . .123 
128. Method of testing synchroniser connections, 124 

124. British Schuckert rotary synchronisers, 127 

125. Diagrams showing pressure components of synchroniser coils and geometrical 

differences in the components when generators are in phase, . . . 128 

126. Diagram showing pressure comi)onents, etc., when generators are out of phase, 129 

127. A single- phase rotary synchroniser, 130 

128. Arrangement of lamps for single-phase rotary synchroniser, .... 131 

129. 500-K,W. carbon-tipped horn break circuit- breaker open 132 

130. 500-K.W. horn break circuit-breaker closed, 133 

131. Section of Ferranti H.T. switchgear, 135 

132. Front view of standard Ferranti H.T. switchboard, 136 

133. Ferranti exti-a high-tension switchgear, 137 

184. Section of Blackpool H.T. switchgear, 138 

185. Shanghai H.T. si^atchboard, 139 



XIV LIST OF ILLUSTRATIONS. 

FIO. PAGE 

136. Section of Shanghai board, 140 

137. Hastings wall ty))e switchgear. 141 

138. Section of Hastings wall- tyj»e switchgear, 142 

139. Section of Leicester H.T. switchgear 143 

140. Arrangement of 'bus bars and feeder cubicles, Glasgow Tramway H.T. switch- 

gear, 144 

141. Section through j)aiiels between two feeder cubicles (Glasgow), . . 146 

142. View of interior of feeder cubicle (Glasgow), 14(5 

143. Back of generator panels (Glasgow Tramways), 147 

144. Section showing general arrangement of Berlin switchgear, .148 

145. Section showing general arrangement of American keyboard switchgear, . 150 

146. Pneumatically operated three-phase circuit- breaker, 151 

147. Electrically operated three-phase circuit-breaker open, 152 

148. Electrically operated three-phase circuit- breaker closed, 153 

149. Diagram of connections for ccmtroUing electrically operated circuit- breakers, . 154 

150. Section showing general arrangement of Niagara switchgear, . . . .156 

151. Board of Trade traction panel, . . 158 

152. Newington Vestry L.T. switchboard, . 159 

153. General arrangement of L.T. switchgear at M 'Donald Road, Edinburgh, <o /ore 160 

154. General arrangement of L.T. generator and feeder 'bus bars at Glasgow light- 

ing station 161 

155. Positive generator panel (Glasgow) 162 

156. Negative generator i>anel (Glasgow), 163 

157. Details of Glas>;ow plug switch, 164 

158. Front of feeder i^nels (Glasgow), 165 

159. Section thi*ough feeder panels (Glasgow), 166 

160. Kelvin and White's Glasgow Exhibition L.T. switchboard, .... 167 

161. Paralleling voltmeter, 168 

162. Section through Willesden L.T. switchgear, 170 

163. Section throuj^h Hackney LT. switchgear 171 

164. Front view of Hackney b<>ard, 172 

165. End view of Hackney board, showing back- to-back arrangement of generator 

and feeder panels, 173 

166. Section through Boston L.T. switch-room, 174 

167. Interior view of Boston switcli-room, 175 

168. Diagram illustrating thive-wire system of distribution, and method of boosting 

up pressure for long feeders, 178 

169. Diagram of connections of generator and feeder panels (Edinburgh), . . 180 

170. Connections of bar coupling and earth panels (Edinburgh), .... 182 

171. Connections of equaliser or booster panels (Edinburgh), .... 184 

172. Connections of balancer panels (Edinburgh), 186 

173. Guard slate for plugs, 187 

174. Battery-charging and booster connections (Edinburgh), . . . to face 188 

175. General system of control (Hull), 189 

176. Long-distance switch 191 

177. High-tension side, Hastings sub-station, 194 

178. Low- tension side, Hastings sub-station, 195 

179. Diagram of connections of a sub-station (Hastings), 196 

180. Diagram of L.T. distributore (Hastings), 199 

181. Steel post transmission line, 200 

182. Wooden post transmission line, 201 

183. Glass insulator, 202 

184. Locke porcelain insulator, 203 



LIST OF ILLUSTRATIONS. XV 

FIO. PAOI 

184a. Pin for Locke insulator, 208 

185. Cloche Mehim insulator, 203 

188. Method of leading in H.T. transmission line, 204 

187. Method of leading in H.T. wires throagh roof, 205 

188. Ferranti cable-charging apjAratus, 206 

189. Diagram showing connections of cable-charging ap^Miratus, .... 207 

190. Thomson lightning arrester, 208 

191. Siemens horn lightning arr^stor, 209 

192. Wurtz lightning arrester, 210 

193. Section of Stanley lightning arrestor, 210 

194. Unassembled parts of Stanley lightning arrestor, 211 

195. Complete pair of Stanley arrestor units, . .211 

196. Choking coil for lightning arrestor equipment, . . ... 212 

197. Arrangement of choking coils and arrestors for three-phase lino, 213 

198. Stanley line discharger, 214 

199b. f ^^'^^'Still regulating transformer, 216 

200. Transformer kiosk 218 

201. Generating controlling gear (Thury system) 220 

202. Thury series motor regulating switch, 221 

203. Excess potential cutout (Thury system), 222 

204. Cascade connection of motors (Ganz sy.stem). 226 



ELECTRICITY CONTROL. 



-»♦- 



CHATTER I. 
GENEEAL PEINGIPLES OF SWITGHGEA£ DESIGN. 

Introductory remarks — Tho great importance of simplicity — Advantage of single-polo 
si^itchgear for earthed systems — Fire risks to be guarded against — Necessity of 
non-combustible construction — P'ires liable to be started by : — excessive arcing, 
insufficient area of conductors, the scattering of molten metal, bad contacts, or the 
failure of insulation — Precautious against accidents to attendants — Notes re 
earthing — The advantages and disadvantages of earthing eases of instruments, etc. 
— Duplication of 'bus bars and fuses sometimes useful, if not allowed to involve 
complication — Importance of accessibility and standardisation — The advantages 
and disadvantages of compact and scattered swit^^hgcar — American views on this 
subject — Capital outlay on switchgear should be considered, particularly for small 
installations — The best position for switchboard, whether this should be in the 
engine-room or in a separate switch-room. 

Introductory Bemarks. — Any electrical eugiueer who has visited many of 

the electricity generating stations in this country and abroad must have 

remarked how widely different in design and general arrangement are the 

Bwitchgears' controlling the generators and circuits^in the respective stations. 

This lack of standardisation is probably to a great extent unavoidable. It 

may be attributed to the fact that tlie conditions to be dealt with are generally 

peculiar to each individual case. There are, however, certain universally 

recognised general 2)rinciples which are applicable to all arrangements. 

These are so well known that it appears almost unnecessiiry to refer to 

them, added to which, they have been admirably dealt with by Mr 

Wordingham in his book on Central Electrical tStations, It is felt, 

however, that a treatise on Electrical Switchgear would not be complete 

without a brief record of some of these general principles. Therefore a 

small space will be devoted to this purpose. 

Simplicity. — All engineers will, without doubt, agree that, if there is 

one general principle to be insisted upon more than any other in preparing 

a scheme of electricity control, it is the al>solute necessity of simplicity. 

All apparatus not absolutely necessary should be avoided, and all screwed, 

I 
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clamped, or other mechanical connections should be reduced to a minimum. 
The an*angement of the apparatus should be as diagrammatic as possible, so 
that a stranger to the board can see at a glance the object of each switch 
or instrument. 

It must be admitted that in some of the early designs of switchgear 
this principle was not sufficiently recognised, and consequently many 
troubles arose which could have been entirely avoided but for the complexity 
of the switchgear and its connections. 

The most important reformation that has ever been made in this direction 
was probably the first single-pole Ferranti board put in for the Portsmouth 
Corporation in 1894; and the universal popularity of this type of switch- 
board is undoubtedly in a great measure due to the continued observance 
of this important feature by its designers. 

Prior to the installatiou of the Portsmouth board it was the generally 
recognised practice of all designers to provide switches and fuses on both 
poles, and the departure from this practice was viewed with a considerable 
amount of scepticism. Mr Ferranti, however, showed that where concentric 
feeders are used in connection with alternating current systems, it is quite 
unnecessary to provide means for disconnecting the terminal of a generator 
coupled to the outer conductor. The outer conductor should, however, be 
permanently connected to an earth-plate at the generating station. 

It must not be supposed that the permanent earthing of the outer 
conductor is a necessity peculiar to systems where single-pole boards are 
used. It is, in fact, even more important to earth the outer where switches 
and fuses are inserted in the connections between both poles of the 
generator and the 'bus bars, as serious troubles are liable to arise through 
one of the connections to the outer bar being opened before the connection 
to the inner, unless the outer terminal of the generator partially disconnected 
is efficiently earthed. The cause of this trouble is indicated in fig. 1. 

A and B are two generators connected in parallel to supply current to 
the Hbus bars C and D. £ and G arc the conductors of a concentric cable 
connected to these 'bus bars, E being the out^r or earthed conductor. 
Fj, Fg, Fg, and F^ are fuses inserted in each of the connections 
between the generators and the 'bus bars. So long as all the fuses 
referred to are intact the generators will be kept in step, and the maximum 
pressure between any two points will be the pressure across the 'bus bars. 
Should, however, the circuit become interrupted at, say, F^, the generators 
will drop out of step ; but, as they are connected on one pole, they will, when 
180 degrees out of stejD, be in series with each other, and as a consequence 
there will be a difference of potential of double the working pressure across 
the point where the circuit has been interrupted. If the working pressure 
is, say, 2000 volts, the outer 'bus bar will be at earth potential, the inner 
'bus bar 2000 volts above earth, and the terminal of the generator that has 
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been disconnected from the outer 'bus bar will be 2000 volts above the inner 
'bus bar, and consequently 4000 volts above earth. This has frequently 
caused the armature at a point near the outer connection of the interrupted 
generator to flash to pole pieces. It will be evident that, if the outer 
terminals of each of the generators are permanently connected to earth, it 
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Fia. 1. — Diagram illustrating danger effusing both poles of alternating 

current generator. 

is not possible to get a difference of potential exceeding the working 
pressure of the generators at nny point of tlie system from this cause. 

Fire Bisks. — Of almost equal importance to simplicity is the necessity 
of taking every precaution to guard against the slightest risk of fire. The 
switchboard, the gallery, and all its surroundings must be constructed of 
incombustible materials. The necessity for this precaution has during 
recent years been fully recognised by nearly all designers ; but a few years 
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ago quite the contrary was the case. The very name of switchhoard 
imphes switches mounted on wooden panels. Polished teak was a material 
largely used at one time for this purpose. An attempt was made to' make 
this non-inflammable by covering it, in the neighbourhood of the switches, 
with thick sheets of asbestos; but it was very soon found that the arc 
formed on breaking a moderately heavy high-tension current was of such 
a destructive nature that asbestos melted almost like butter under its 
influence. 

Instruments and switches are now generally mounted on slate or marble 
panels, the panels being supported by an iron framework. In some cases 
the instruments, etc., are mounted directly on to the iron framework, but 
this arrangement does not generally look as neat as nicely polished slate 
or marble panels. 

The danger of a fire being started on a switchboard arises, amongst other 
causes, from the following : — 

(1) An arc may be drawn out in breaking a heavy current at high 
pressure. The various methods that have been adopted to prevent 
excessive arcing on interrupting a circuit are dealt with in Chapter III. 

(2) The area of the conductors may be insufHcient to carry the working 
current, and as a consequence the rise of temperature due to C^R losses 
may be sufficient to melt the solder in the connecting thimbles. This will 
sometimes lead to the circuit being opened at this point and a destructive 
arc being formed. If the connections consist of cables insulated with 
some highly inflammable material, the danger is, of course, considerably 
increased. 

(3) The blowing of a fuse is liable to scatter molten metal in every 
direction; should any of this metal drop on wood or other inflammable 
material it may set it on fire. 

(4) Excessive heating may be caused by bad contacts. To avoid 
trouble from this source, it is necessary to provide ample area of contact 
and a good rubbing pressure between the surfaces. The surfaces of the 
contacts should also be kept thoroughly cleaned. 

(5) The failure of insulation. This may be due to insufficient thickness 
or specific insulating strength of the material used, or it may be due to 
surface leakage on account of the accumulation of dirt or moisture. 

(6) The bunching together of a number of leading-in cables has on more 
than one occasion led to disastrous results. The leads to the switchboard 
from the generators and feeders should be carried through a tunnel 
supported on brackets, as shown in fig. 2. As a further precaution each 
lead should be enclosed in a fireproof duct, or the leads may be of the new 
fireproof insulation. 

Precautions against Accidents to Attendants. — A third point to be 
considered in designing a switchboard is the protection of attendants 
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from dangerous shocka or injury from other causes. It must be re- 
membered that in a large geaerattng station breakdowns may ocour of a 
sufBciently alarming nature to make the very best and steadiest of men 
linble to momentarily lose- their heads, or a man may slip and oatoh at 
something to save himself from falling without stopping to consider 
whether the supporting object is liable to be charged to a dangerous 
potential or not. It is necessary, therefore, to provide for contingencies 






Fio. 2,— A cable Bubw«y. 

of this sort, and the only efficient method of doing so appears to be to 
make it practically impossible for a man to touch any live high-tension 
oonnectiuns. 

Some switchboards have been erected with everything thoroughly pro- 
tected in front of the board, but witli numerous exposed connections at 
the back, and as it is at times necessary for an attendnnt to irork behind 
the board in a very confined space, this arrangement has proved to be the 
moet dangerous. 

In dealing with this question of safety to attendants it has to be again 
oonsidered whether it is better to mount the switches and instruments 
Erectly on to the iron framework, and to merely insulate them therefrom by 
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porcelain or other suitable insulators, or to interpose marble or slate panels 
between the switch insulators and the iron framework supports. 

It is generally agreed that in either case the actual framework should 
be thoroughly connected with a good earth, and some engineers are of 
opinion that all metal parts not actually forming part of the live circuit 
should also be connected to earth. Others, however, think that advantage 
should be taken of the double insulation afforded by slate or marble 
between, and in series with, the porcelain insulators supporting the high- 
tension connections. It must be admitted that the latter arrangement 
affords the greatest protection from liability to breakdown. The insula- 
tion between the live connections and all other parts must in either case 
be as perfect as it can be made. If this precaution is not taken when all 
the cases of instruments, etc., are connected to earth, a fault in any piece 
of apparatus may result in a short circuit on the whole system, and may 
necessitate the supply being cut off until the faulty apparatus is removed. 
If, on the other hand, all cases, etc., are insulated from earth, a failure of 
the insulation on any piece of apparatus will not affect the supply, but the 
risk of an attendant getting a dangerous shock is considerably increased. 

A third alternative is to connect all the cases of instruments and parts 
of switches, etc., to earth through a fuse, and to shunt this fuse by the 
primary winding of a small transformer, across the secondary of which a 
few danger lamps are connected. These lamps may bo fixed at different 
points on the boards in such positions as to be instantly seen by the attend- 
ant should they become lighted. It will bo obvious that, in the event of 
the insulation breaking down between the high-tension connections and 
the cases, etc., referred to, the high-tension current will flow to earth 
through the fuse, which it will probably melt ; the primary winding of the 
transformer will thus be inserted in this circuit, and the danger lamps will 
instantly indicate that the parts of th6 switchboard supposed to be at earth 
potential have become highly charged. 

As a further protection the attendants should be instructed to use gloves 
when cleaning the cases of high-tension instruments, etc., and the operating 
handles of the switches should be as efliciently insulated as if the handles 
themselves were always charged to a high potential. Instructions should 
also be given that an attendant must on no account handle any portion of 
the high-tension circuit, supposed to be dead, without first efficiently con- 
necting it to earth. The American and Continental practice of connecting 
low-tension instruments across the secondaries of series transformers 
instead of inserting instruments in the high-tension circuit has much to 
commend it. 

Frequent troubles have arisen through earth connections not being 
of sufficiently low resistance. It is advisable to test the resistance of 
earth^ connections periodically. A convenient method of doing this 
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is described in Chapter YIII. The earth-plate should, if possible, be 
laid in earth that is always wet, and the connection to this plate should 
consist of a cable large enough to carry a heavy current without risk 
of fusion. 

A number of experiments on earth-plates were carried out a few years 
ago hy the Telegraphen-Ingenieur Bureau.^ It was found that where 
wet earth could not be reached the best earth consisted of an iron cable 
laid in a mass of lump coke, the two ends being brought out and con- 
nected together. 

Another form of accident to be guarded against is that due to a possible 
mechanical injury. Care must be taken, for instance, that automatic cut* 
outs and apparatus of this description, liable to fly open at any moment 
without warning, are placed in such a position that it will not be possible 
for them to fall on an attendant's head or otherwise subject him to injury. 

Accidents have sometimes arisen through an attendant closing a switch 
at some other part of the system, and so charging a conductor, upon which 
a second attendant is working, to a dangerous potential. If the precau- 
tion has been taken to connect this conductor to earth, as recommended 
above, it is probable that no serious injury will result, but it is advisable 
to guard against an accident of this description by locking, in an open 
position, switches controlling this section, and allowing the man working 
on the mains to retain the keys of the switches. 

Duplication.— It is often advisable to duplicate some of the important 
parts of a switchboard, but care should be taken that this duplication is 
not carried to such an extent as to lead to complication. The advantage 
of a certain amount of duplication is twofold. In the first place, it is 
necessary, or at least advisable, to make some arrangements whereby any 
portion of the board may bo made dead for cleaning or overhauling pur- 
poses ; and in the second place, it is often convenient to be able to divide 
the circuits into at least two groups, feeding some from one set of genera- 
tors and some from another. All the duplication required on a main 
switchboard can usually be confined to the 'bus bars, and as a rule the only 
additional apparatus required is a two-way switch or plug connection to 
each generator or feeder, and some form of bar coupling switch. Duplicate 
fuses are also in some cases useful to allow the working fuse to be removed 
for examination without cutting off the supply. 

Accessibility. — The importance of arranging all parts in such a manner 
as to be readily accessible is recognised in all engineering design. It is, 
however, of even greater importance in the design of switchgear than of 
any other apparatiis. It should be remembered that in many cases a 
board can never be made entirely dead, and to attempt to work on a live 
board upon any parts which are at all inaccessible entails very great danger. 
» 4rchiv Post, Tele,, ill pp. 69-75 (1898) ; Science Abstracts, vol. i. p. 1186. 
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Standardisation. — All panels, fittings, and instruments should be made 
as far as possible to one standard, so as to be absolutely interchangeable 
one with another. Provision should always be made for extensions to 
either the generator or feeder panels, and it should be possible to carry 
out these extensions without serious alterations to the existing board, and 
without cutting off the supply. 

Concentration versus Isolation. — This is a question upon which a con- 
siderable amount of difference of opinion exists. It is undoubtedly very 
convenient to concentrate all the switchgear into as small a space as 
possible, in order that the attendant in charge may be able to see all the 
instruments from one position, and operate any of the gear from there. So 
long as everything goes smoothly, there appears to be no objection to this 
arrangement. Should, however, a failure occur at any point of the board, 
there is a great risk of its affecting adjacent sections and leading to a 
complete shut-down.^ 

To guard against this some designers have thought it best to distribute 
the switchgear over the entire length of the generating station, placing 
each section directly opposite the generator it controls, and consequently 
several feet away from adjacent sections. This arrangement is, of course, 
not so convenient for working. 

A third alternative is to leave a good space between each switch and to 
control these from one point, either by means of levers, shafts, and con- 
necting links, as in the case of the Berlin switchgear (see Chapter VII.), or 
by some electrically controlled devices such as are used in connection 
with many of the American systems. The latter arrangement appears 
to work admirably, and the author gathered from conversations with 
some of the engineers responsible for the smooth running of the very 
large electricity supply undertakings in the States that this method of 
control has proved absolutely reliable and satisfactory. It is probable, 
however, that for installations of a few thousand horse-power only, some 
simple method of mechanical remote control will be generally preferred. 

The views of American electrical engineers on this question cannot be 
bettor expressed than by (] noting the following extract from a paper by 
Mr E. W. Rice, Jun., read at the Buffalo Convention of the American 
Institute of Electrical Engineers in 1901 : — 

" The switchboard should preferably be placed in a separate room, so 
that any accident to the engines or to the steam piping will not 
injure the switchboard operator or the switchboard mechanism. 
The electrical conductors from each dynamo should be led to the 
switchboard as far apart as possible from those of other units. 
Each set of conductors should be led to its own switch. Each 

^ Since the above was written, the Bristol fire has emphasised the necessity of 
efficiently isolating the respective sections of high-tension switchgear. 
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switch should be of ample capacity to interrupt the entire output 
of the generator at full voltage, and even take care of the concen- 
tration of the entire load of the station, as in a short circuit. This 
switch should be placed in a cell of fireproof material, and preferably 
electrically controlled from a central point. If so disposed, these 
switches may be placed reasonably close together, but the parti- 
tions should be such that any one of the switches could arc to 
destruction without involving the switch of a neighbouring genera- 
tor. Switches should be in duplicate, so that, in case of failure of 
one, another switch will be in readiness. Especial care should be 
taken, in leading the conductors from the switches to the 'bus bar, 
to keep the conductors as far as possible from those of neighbouring 
units. 

"The 'bus bar or bars should preferably be in duplicate, or 
some equivalent arrangement, such as sectional subdivision, should 
be adopted. 'Bus bars should be carefully protected in fireproof 
compartments so arranged that it would be impossible for any arc 
to short circuit from one conductor to another. The same care 
should be taken to isolate the conductors leading from the 'bus bars 
to the feeder switches. The feeder switches should also be in 
duplicate — that is, two separate sets of switches on each feeder in 
series with each other when feasible, or the conductors leading to 
a group of feeders may be joined together by a switch placed in 
series therewith, controlling a group of feeders. Each group switch 
and each of the feeder switches should be mounted in its own 
separate fireproof compartment, and preferably controlled electro- 
caagnetically from a distance. Tlie conductors leading from the 
feeders out of the station should not be massed together in one 
conducting trench or well, but should be subdivided into as many 
groups as circumstances will permit. 

" The constant aim throughout the entire station should be to 
limit the normal flow of energy in a given space to a predetermined 
amount, preferably, for example, to that of the generator unit 
which has been selected ; or, in the case of the feeders leading out- 
side the station, the normal flow of a group may be limited to that 
delivered to any one sub-station. 

" It is obvious that the arrangement of switchboard as described 
will occupy more space than the ordinary panel type. The total 
space occupied, however, is but a small portion of the total space 
required for the generating plants. Such separation of the 
switches, etc., makes some method of control from a distance very 
desirable. The motors used for operating the switches may be 
either pneumatic or electric. The control of these naotors should 
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preferably be electric in all cases. By adopting electric control 
from a distance, it is possible to combine all the switches re- 
quired for the generator, feeders, etc., upon a small keyboard 
under the observation and control of a single operator. It is also 
possible to place this operator in such a position that he will have 
a comprehensive survey of all the measuring and controlling devices 
needed for the station, and at the same time be free from danger in 
case any of the apparatus should fail to perform its work. Under 
such circumstances the operator is much less liable to make a 
mistake, and it is believed that, having taken such precautions, 
accidents even of a trivial character will be more unlikely to 
occur. In laying out the electrical devices for such a station the 
utmost simplicity should be aimed at, not a single instrument, 
conductor, or switch being placed in the station that has not been 
carefully considered and felt to be essential. It is better to err on 
the side of simplicity than of complexity." 
Capital Expenditure. — This is a matter which must not be lost 
sight of, though the curtailing of expenditure on switchgear should be 
tempered with reason. Small stations of two or three thousand horse- 
power should certainly not be handicapped with a heavy capital outlay on 
this account, and it would be absurd to use in these small stations such 
elaborate systems of electricity control as have been installed in some of 
the large American stations. It would, on the other hand, be equally short- 
sighted policy to starve the controlling arrangements in those stations 
where the damage caused by one interruption of the supply would, in many 
cases, amount to more than the entire capital expended on the switchgear. 
Fosition of Switchboard. — The usual practice in this country 
is to erect both the generator and the feeder switchgear on a gallery 
raised a few feet above the engine-room floor, and in such a position as to 
enable the attendant to obtain an unobstructed view of all plant under his 
control. There is, however, much to be said for the contention that the 
switchboard attendant should be in a position where he is not liable to be 
affected or unnerved by any such catastrophes as the stripping of an arma 
ture, the bursting of a steam pipe, or the general smashing up of an 
engine, occurrences which, though happily rare, are always liable to occur. 
After all, if some simple system of signalling is installed for communication 
between the switchboard attendant and the engine attendant, and the 
switchboard is equipped with instruments to indicate the behaviour of each 
generator, what more is required ? Cases have undoubtedly occurred 
where, owing to the generators being in full view of the switchboard gallery, 
the attendant has operated the wrong switches as the result of acting in a 
hurry upon what he has seen in the engine-room, instead of being guided 
by the indicating instruments. 



CHAITER II, 
CONSTBirOTIONAL DETAILS. 

The use of connectors, switches, and circuit-breakers — Connectors and switches required 
to cany full load current without heating — Circuit-breakers further required to 
break full load current without excessive arcing — Respective advantages and dis- 
advantages of various types of connectors — Various forms of contacts for switches 
and circuit-breakers — Insulators : the use of slate, marble, ebonite, mica, porcelain, 
etc. — The arrangement of regulating rheostats — Types of rheostats: * Ward- 
Leonard/ ' Brush,' * Ferranti,' ' Cowan,' • Westinghouse,' etc. 

The success of any system of electricity control is, in a very great measure, 
dependent upon the attention that has been paid to the details of con- 
struction. The points requiring the greatest attention are probably those 
portions of the system which form part of the conducting circuit other 
than the actual conductor. There can be no doubt that the best con- 
ductor for an electric current is a copper bar or cable, but it is unfortun- 
ately necessary for purposes of manipulation to insert in the circuit devices 
by means of which the continuity of the circuit may be broken. Some of 
these objectionable necessities may be merely connectors bolted to the 
conductors, and only used in erecting or carrying out alterations to the 
system. It is, however, also necessary to include other devices by means 
of which the circuit may be opened daily or oftener, and for this purpose 
switches or circuit-breakers are used. 

In the United States it has become customary to define a 'switch ' as a 
device corresponding to a plug for directing the flow of current. A switch, 
under this phraseology, is never used to interrupt the circuit when it is 
carrying a heavy current ; for the latter purpose * circuit-breakers ' are used. 
These may be operated automatically or by hand. 

It will be evident that all that is required of a connector or switch is 

that it should carry the maximum current for an indefinite period without 

appreciable heating. A circuit-breaker must be equally capable of fulfilling 

this requirement, and it must in addition be capable of interrupting the 

circuit when carrying the maximum current without excessive arcing or 

other disturbing effects. The latter requirement has provided a most 

difficult problem. The manner in which it has been dealt with by different 

designers is illustrated and described in Chapter IIL 

11 
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Terminals or OoimectorB. — The current-carryiog problem ib oompara- 
tivelj simple, and has been suocessfully dealt with in variouB wajs. A 
few oF the solutions to It are given below. One of the simplest forms of 
connectors is showu in fig. 3. The surface of each of the faces in contact 
should not be leas than one square itich per hundred amperes if constructed 
of brass or gun-metal, and the faces must be accurately tooled to ensure 
absolute contact being made over the entire snrface. This tjpe of con- 
nector is perfectly satisfactory for use in connection with direct current 
systems, but it is liable to give trouble when used in alternating current 
circuits, owing to the fact that any conductor carrying an alternating 
current is in a continual state of vibration, and although this vibration is 





Fio. 3. — FUt-face cable conDcctur. 



barely susceptible to the touch, it is quite suHicicnt to cause nuts and bolte 
to gradually work loose. As a perfect contact depends upon the faces 
being forcibly pressed together, the loosening of the bolt holding these 
faces together will cause the contacts tu become very hot, and this heat 
will be transmitted to the socket into which the cable is sweated, causing 
the solder to melt, and possibly ending in the circuit being opened at this 
point, with disastrous results. Even the use of lock-nuts cannot be relied 
upon to prevent the bolts from working loose, though a Thackeniy washer 
between the head of a bolt and the eye of a connector may do so. 

As a further precaution it is advisable to support cables independently 
of the contacts, so that, should the solder be melted, the cable will not drop 
away from the connector. The cable should also be a good fit in the 
socket, and not, as one often sees, a cable half the diameter of the socket, 
the difference being made up with solder, 
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The cone form of connector, shown in fig. 4, has the advantage that 
a gcMxl contact may be nuintained for a time if the tightening nut has 
worked loose, but it is dependent upon the taper of the plug and socket 




Fia. 4. — Coned plug cable connector. 

portions of the connector being of precisely the same angle as each other 
throughout. 

A very reliable furni of connector is illustrated ii 
of a split cable socket which has boeu bored v 



ig. 5. This consists 
vith a parallel hole of 
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Fia. 5.— Scir- locking cable connector. 

slightly smaller diameter than that of a turned pin projecting from the 
metal block to which the cable in to be connected. It will be evident 
that when the socket is forced upon the pin the tension upon the latter, 
due to the split socket, will be anfficieut in itself to make a good coutact. 
As a further precaution, the ends of the split connector arc bolted together, 
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thua increasing the grip upon the pin. The nut and bolt in this case will 
be prevented from working loone by the tenuoD upon theiu due to the 
divided parta of the Bocket being compressed together, the effect being 
very similar to that of the Thackeray washer. 

A form of connector designed by the author is illustrated In Sg, 6. 
This has been nsed for making connection between cutouts and the 
low-tension 'bus bars in sub-stations. The 'bus bars consist of two 
copper strips about an inch wide by a quarter of an inch thick. These 
bars are supported by a projection cast in one piece with one of Ute 
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contacts of the cutout to be connected to the bars. By this means 
independent insulators for supporting the 'bus bars are rendered un- 
necessary. The connector ia slotted out to be a tight fit on the 'bus bare, 
and as an additional precaution a set screw is run through the connector 
and bars. It will be seen that this connection cannot bo broken except 
by first taking out the set screw and then removing the cutout bodily 
from its position. It is therefore impossible for the circuit to be opened 
accidentally. Similar coiuiectors are alao iised for connecting cables to 
the 'bus bars, the cable socket in this case forming part of the connector. 

A form of connector that is very liable to give trouble when used for 
carrying heavy currents is an ordinary large terminal, particularly if, as 
one often sees, the hole in the terminal is much too large for the cable. 
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Whero this is the case it is advisable to increase the diameter of the cable 
by binding wire round it until the cable is a good fit in the terminal. A 
useful device for terminal connectors is shown in fig. 7. In this arrange- 
ment the diameter of the cable is increased to fit the hole in the terminal 
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Fig. 7. — Self-locking termiual thimble. 

by means of a socket sweated to the cud of it. This divided socket is 
placed in the terminal and a hole is drilled through it, to allow the 
clamping bolt of the terminal to pass through the socket instead of merely 
clamping it as in an ordinary terminal. The hole is tapped with the same 







Fig. 8.— Laminated brush switch. 

thread as the clamping set screw. The latter, however, is slightly tapered, 
80 that as it enters the hole in the split socket its tendency is to expand 
the socket in the terminal. 

Contacts. — The contacts of switches and circuit-breakers cannot as a 
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rule be bolted together. Consequently it is necessary to resort to other 
means to ensure a good metallic connection being made between the 
opposing faces of the contact. The usual procedure, is to take as one 
member of the contact a non-elastic block of metal, and to rigidly fix this 
to the base of the switch. For the other member one or more metal 
plates are provided, which make spring contact with the solid block. It 
is usual to use a number of such plates, thus ensuring that there shall be 
many points of contact at the junction. 

A contact of this description is shown in fig. 8. It will be seen that 





Fig. 9. — Laminated contact piece connecting solid contacts mounted on insulators. 

the current has to pass through the spindle supporting the laminated 
contact, and this is undesirable when heavy currents have to be carried. 
A somewhat better arrangement is shown in fig. 9. In this case the 
cables are connected to two terminals, and the laminated contact used for 
completing the connection is carried on insulators supported from the 
movable arm of the switch. Even this arrangement is not free from 
defects. The metal blocks to which the cables are connected are usually 
supported on corrugated porcelain insulators, the block being secured to 




Fig. 10. — An improved laminated contact piece. 

the insulator by means of a stud cemented into a hole in the insulator. 
This form of construction is not as mechanically perfect as it might be. 
The cement is liable to loosen its hold, particularly if it is affected by heat. 
One of the blocks may thus be shifted from the position in which it is 
requisite that it should be rigidly held ; the compression between the lami- 
nated portion of the contact and the solid block is then lost, and a consider- 
able amount of heating, if not an actual open circuit, is likely to occur. 
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A very reliable form of contaot for o&iTTing larg« ourreotB is shown 
in fig. 10. In this arraDgement tho lamin&ted portionE of the contact 
are, when the switch is closed, compressed botweon two faces on each 
of the metal blocks connected to the two ends of the circuit to be com- 
pleted. It will he seen that in this type the compression on the laminated 
contacts will be in no way reduced if one or both of the block portions of 




Fio, 11. — EI well -Parker laminsted contact 

the contact become loose in their supports. An example of the application 
of this type of contact is shown in fig. 41. 

For use with automatic circuit- breakers it is necessary that the 
friction tending to hold the contact iu it closed position should be reduced, 
to enable the circuit to be opened with as little mechanical effort as 
possible. Tho Klwell-Parker type of contact, shown in fig. 11, obTJously 
requires very little effort to withdraw the solid taper block from the 
laminated contact. 

Figs. 12 and 13 illustrate types of contact used by many manufacturers, 
pftrticularly for automatic circuit-breakers. The tension between the 
contacts is here maintained by the laminated portions of the contacts being 
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forced against the solid connecting blocks. In fig. 12 the compression is 
effected by a rotary motion, and in fig. 13 by a parallel motion, a suitable 
device for operating the latter being a toggle joint, such as shown in figs. 
129 and 130. 

The Brush Co.'s standard type of contact is illustrated in figs. 14, 




Fio. 12. — ' S ' laminated brush contact. 



15, and 16. This consists of a gun-metal casting subdivided by a number 
of saw cuts to give it the necessary flexibility. The plunger type depicted 
by fig. 14 is a satisfactory contact for absolutely parallel movements. 




Fio. 13.— Jamb brash contact. 



Fig. 15 may be used for parallel or radial movements. The taper form 
of contact, fig. 16, is used for automatic circuit-breakers and the quick- 
break trigger switohsi illustrated in^fig. 42. 
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A type of oontaot largely used, particularly 
for carrying heavy currents, is the multiple knife 
8wit«h contact illustrated in fig. 17. A switch of 
thia description is often used for connecting up 
sectioDs of "bus bars, and the eitra precaution 
is Bometimea taken of bolting the contact pieces 
together at both euds of the connecting bridge. 
Thu connecting piece is slotted at one end to 
allow the switch to be opened after slackening 
the nut on the bolt This type of contact i 
used for the five-way feeder switches at the 
Boston Electricity Works (see Chapter VIII., 
fig. 166). These switches are in this case con- 
stmcted to enable the end A to be turned I 
about an axis perpendicular to the panel to 
which it is liied. By thia means the feeder 
terminating at A may be connected through 
any one of five contacts B to any one of the five 
'bus bars. 

Another excellent type of contact for heavy 
currents is the Glasgow contact, illustrated i 
Chapter VIII., fig. 157. 

iDBulatiou.— Whilst it is of the greatest | 
importance that every precaution should 1 
taken to ensure complete continuity of the 
oondueting circuit, it is equally important to 
pay the most careful attention to the question 
of efficiently insulating the circuit from other *"'<>■ "■— S»worth n 





conductors. 

For pressures up to, say, 600 volts, switch 



itacta, etc, may be 





Tia. 1G.— Baworth flat oontact. 



Fio. 16.— lUworthtapereontact 
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mounted directly on the slate supporting panels; but the insulating 
properties of slate vary considerably, and it is in consequence not safe to 
rely upon it for higher pressures, unless the panels have been submitted to 
a tliorough test. 

The system of insulating the contacts and terminals of apparatus by 
bushes and washers of ebonite or like material is not to be recommended. 






\ 






Vw' 





JED 



I 



i 



"^ 



£i 






mj 



^^ 



tr-t-i 



IQJ 



T 



r. 



fO 



I 



'--'I I r 



t 



] 



^ 



^ 



,j 1 1 



r-TT 



?=n 



CTT 



qjj 



7 



Fig. 17. — Multiple blade contact. 
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It is expensive and mechanically deficient. It is better to subject the 
panels of slate or marble to a severe test after drilling and mounting. 

It must be remembered, in considering the relative merits of marble and 
slate, that, apart from any aesthetic question, the latter is cheaper in first 
cost as well as in drilling. It has also a specific insulation that is amply 
sufficient for pressures up to 600 volts. 

A carefully selected block of marble that has been well boiled in paraffin 
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wai, until the pores of the marble have been thoroughly impregimted 
therewith, is BOiuetimes used tor pressures up to 2000 or 3000 volta 
Marble bo treated is, however, very likely to crack in the process of 
impregnatioD, and can only be used in positions where it is not liable to be 
subjected to any great mechanical shock or strain. 

Considerable difficulty has always been experienced in obtaining an 
insulator that ia a perfect non-conductor, and is at the same time mechani- 
cally strong. 

Ebonite is an excellent insulator, but unless it ia well polished, surface 
leakage may take place, added to which, its insulating properties are liable 
to be greatly reduced by careless tooling. It is also sotnewhiit inflammable, 
softens at a low temperature, and is 
expensive to use in large quau titles. 
A number of cicellcnt substitutes 
for ebonite have been placed on 
the market, which are cheaper, 
and at the same time can be 
moulded into the shapes reijuired, 
thus rendering tooling unneces- 
sary. Anibroin, vnlcabcston, and 
moulded mica may be mentioned 
as some eicellciit substitutes for 
ebonite. 

For non -penetration, mica is 
the best insulator it is possible to 
obtain, but the raw material is very 
liable to flake. A material known 
as micautte, consisting of thin mica 
strips stuck together with shellac, 
is very largely used for many purposes. 
tubes and a variety of other shapes. 

For supporting higli-tension connections, porcelain or glazed earthenware 
is almost universally used. It is generally moidded into corrugations, as 
shown in lig. 18, to increase the surface, and thus reduce the tendency to 
surface leakage. 

On the Continent the petticoat ty[>e of insulator illustrated in fig. 19 is 
generally used for supporting the high-tension 'bus bars and switohboard 
connections. 

Besistances. — A further detail of iinimrtance is the construction and 
arrangement of the resistances used in almost every SL-heme of electricity 
control. If, as usually happens, these are required to be adjustable for 
regulating purposes, they should be arranged in combination with the 
regulating switch when possible, so as to avoid the mass of conueutiug 




Fiu. 18, 



igated ]>orce]ain insulator. 
This material is made up into 
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wires between tho switoh and resistance necessitated by the latter being 
fixed some distance away from the switehboard. A very convenient 
arrangement is that illustrated in connection with the Edinburgh 
Bwitchgear (fig. 153), where the resistances are supported underneath 
tho switchboard, directly below a pillar fitted with a liand-wheel for 
controlling the switch, which is mounted on the resistance frame. 

In some of the large American systems the resiBtances are placed in any 
convenient position away from the switchboard, and the regulating switch is 




Fio. IS.— Petticoat insnlitor. 



operated by an electric motor controlled from the switchboard. Fig. 20 
illnstrates the Westiughonse Co.'s standard electrically operated field 
rheostat. 

In cases where tlic enct^y to be dissipated is not excessive, tlie resistances 
may be arranged as in the Ward-Leonard system. In this rheostat the 
heat generated in the resistance wire, by the passage of a current, is not 
radiated directly from the surface of the wire, but ia rapidly conducted to 
a supporting plate, which becomes the radiating surface. This is accom- 
plished by the use of enamel, which attaches the wire to, but insulates it 
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from, tbe radiating surface plate, sod which aXoa completely eurrounds the 
wire, and protects it from chemical action. In this way the capacity of 
a small rsaistance wire is greatly increased. In practice it k fumid that a 
wire that will carry a certain current when exposed to the air will carry 
several timea that amount safely in this rheostat. On this principle, since 
the croBB-sectiou can be greatly reduced, it follows that its length can also 




Fio. 20. — WeetinghouM motor-drivsn rheostat 



be proportionately shortened for any required resistance. No consideration 
as to the mechanical strength of the wire enters into this construction, since 
it is so perfectly, protected and supported on all sides. 

To bcrease the radiating surface, the back of the plate is provided with 
ribe. The makere claim that these plates will dissipate continuously 2} 
watts per square inch of surface. Fig. 21 shows the general construetiou 
of this rheostat, and fig, 32 shows diagrammatically how the wire or strip is 
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supported in the enamel. It is obvious that a nnmbcr of these rheostat 
plates ma; be mounted together on one frame at the back of a awitcli panel 




Fto. 21.— Wkrd-LeoDwd rheostat (front 



and controlled hy one handle. Two circular plates mounted in this way 
are shown in fig. 33. 

An objection to this type of resistance is the impossibility of repairing a 







Fm. 22. — Wnnl-Lwinard rlierwtat (liack vi 



«). 



broken-down rheostat. This may become serious if large plates nro used, 
but is reduced by dividing the rheostat bto sections, as shown in flg, 23. 

The practice of placing resistance coils some distance from the switch- 
board and of running connections therefrom to a multiple step regulating 
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switch on the switchboard has now become praotically obaolete The 
chief objection to this arrangement waa that it entailed the use of a largo 
number of conuectious between the switch and the resistance coils, thereby 
increasing complications, itdded to which, there was always the danger of 
one of these connections becoming loosened and opening the circuit. 

The type of rheostat adopted as a standard by the Uriish Co. is illus- 
trated in fig, 24. The resistance wire is wound in one continuous length 
upon rectangular blocks of slate notched at the comers to niaintain definite 
spacing between the wires. The wires at one end of the slates are 





Fio. 23.— Wnrd-Leanard multiple rheostat. 



Fio. 21.— Brush rlieosUt 



permanently connected together, and at the other end are connected in 
aeries with the circuit to be controlled. A movable brush is free to slide 
up and down a vertical guide rod. This brush short circuits all the 
resistance below it. An objection to this typo of rheostat is that the 
continuous rubbing of the brush on tho surface of the wire is liable to 
weaken this, aud eventually cause it to snap and open the circuit; a 
further objection is that a la:^e proportion of the heat in the rcMistauce 
wire is transmitted to the slate and radiated by this. Should the rheostat 
be seriously overloaded for an appreciable time, the slate may be raised to 
such an excessive temperature as to cause it to crack. 

A somewhat similar type of rheostat to the above is the Ferrauti field 
rqinlator, shown in section in <ig. 25, and in perspective iu fig. 26, In 
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this case the resistanco wire A is carried 
insulated from the latter by porcelsiD 
troughs C. The heat is bj this means 
dissipated without injury to the iuaulat- 
ing supports. A brush D ia used for 
short circuiting a portion of the resist- 
ance wire, but this brush does not rub 
directly on the wire, but on a number 
of independent metal blocks, each hold 
in its proper position on the back of 
the porcelain trough by one turn of the 
resistance wire, the latter dropping into 
grooves in the blocks. 

It is evident that, when rheostats of 
the type illustrated in figs. 24-26 do 
break down, the repairs are somewhat 
difficult. 

The Cowan rheostat, illustrated iu 
figs. 27-30, has i)een designed to cope 
with this difficulty. This rheostat is 



on an iron framework B, but 





Kio. 2E.— Section of Ferranti Fio. 26.— Photo of Fernnti rheoatat 

rheostat. 

built up of a number of resistance unit". These units are all made to a 
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Btandard pattfim, and should one of tbem break down, it is a very simple 
matter to replace it by a spare one. Fig. 30 is reproduced from a photo- 
graph of one of these units. Figs. 27 and 28 show respectively a back 
and front view of a complete rheostat. Tiiese rheostats are usually fixed 
beneath the switchboard gallery, and controlled by a baud-wheel supported 
by a pillar ou the gallery, as shown in Fig, 29. The pillars are provided 




Fio. 27.— Cowan rheoatat (front vi 



V). 




with indicating pointers to show the position of the cursor, and in some 
casea with field aninicters, 

Messrs Cowans, Limited, have recently introduced an interesting resist- 
ance unit for heavy currents. Ouc of these units is illustrated in Aga. 31 
and 32, Fvich unit consists of a cast-iron rectangnlar trny lined through- 
out with aaboatos slate. Two stout copi>er strips C C (fig. 32) are laid on 
opposite sides of the tray, with one oud of each strip projecting through 
slots in one end of the tray. These copper strips form the terminals of 
each unit to which the ends of tlie high resistance strip arc'rivetcd. Strips 
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or atibcstoe slate S S are used to separate the layers of resistance strip. 
The trays are finally completely filled with Band. This serres to keep all 
parts rigidly in position, and materially assists in the dissipation of the 
heat. The cast-iron trover is cemented and bolted on to the tray One of 
these units, about 18 inches square, will successfully dissipate 10 H.P, for 
10 minutes. The usual method of asaembling them to form a rheostat is 
to build up a number of them in one frame, 
connecting each one to a segment switch 
placed on the top or at one end of the 

Another example of a rheostat built up of 
resistance imita is that of the Electric Con- 
troller Co.'s reversible controller for crane 
motors, etc. Fig. 33 shows ouo of this 
company's standard resistance units. The 
resistance wire is wound on a heavy asbestos 
tube placed over a wrought-iron core. The 
rear end of tlie core is provided with a cap 
of iuaulating material C which is unaffected 
by heat, and which securely holds one end 
of the resistance wire B. Two nuts F are 
also provided on this end of the core for 
clamping the parta of the unit in place. 
These uuts constitute one terminal of the 
unit. At the other end of the asbestos tube 
is placed a cap of copper D, which is elec- 
trically connected to the iron core, and is 
also adapted to receive and hold the other 
end of the resistance winding. By this 
method of construction both ends of the 
resistance winding are brought to the rear 
Fta. 29. — CoDtrolling pillar of end of the coil, thus greatly simplifying the 
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necessary connections. 



The iron core is extended beyond the copper cap and is adapted to pass 
through the slate face of the controller, where it is held in place by a lock- 
nut working in a countersunk recess in the slate. The contact button, or 
segment, screws directly on the end of the iron core above the lock-nut. 
These buttons have octt4^nal heads, which may be easily grasped with a 
wrench. It will be seen that in this way a button may be removed and 
replaced without disturbing the resistance unit and its connections. It 
will also be observed that the turns of resistance wire form the exciting 
winding of an electro- magnet, of which the iron rod at the centre of the 
coil forms the core. When current passes through the coil, the core 
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becomee magnetised with one pole at the centre of the contact button. 
This places the contact button in a powerful magnetic field, so that anj 




Single unit of Cowan rheostat. 
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Fio. 31.— Single unit of large ca[iacity Cowan rheostat, 
ftrc which ma; be formed will be instaaCly ruptured. Further, when the 
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current is heavy and the danger of arcing increased, the magnetic field i 
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Flo. 33. — Diagrammatic view of interior of fig. 3 
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Fifi. 33.— Single unit of Electrio Controller rheostat. 
Stronger, thua adjusting itself to the demands upon it. This blow-out 
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feature is secured without complicating or adding to the size of the 
controller. 

A somewhat unusual type of rheostat is to be seen in the Pademo 
generating station near Milan, for regulating the fields of the generators. 
The resistance wires and strips are built up somewhat on the lines of a 
squirrel cage, mounted on a shaft and provided at one end with a commu- 
tator to which the various sections of the rheostat are connected. Fixed 
brushes making contact with the commutator are connected in series with 
the field circuit. To cut resistance in or out, the entire rheostat is rotated 
by an extension to the shaft, terminating in a handle on the switchboard. 



CHAPTER III. 
CIECXnT.BREAEERS, OR CUBBENT-INTEBBUPTINO DEVICES. 

Various methods of breaking an arc : — Quick break, Carbon break, Water break, 
Magnetic blow out, Shutter break, Oil break, Multiple break, etc. — Prof. Hopkinson's 
experiments — Respective functions of manual, mechanically o|)erated, and fusible 
circuit- breakers— Field circuit-breakers, constructed to insert resistance or short- 
circuit field on opening — Examples of quick break circuit-breakers : * Mordey,* 

* Westinghouse,* etc. — Examples of water break circuit-breakers : * Raworth,* 

* Cowan,' * Brush,' etc. — Examples of blow-out circuit-breakers : * Fowler,* * Bates,' 

* Schuckert,* * Stanley,' * Cowan,' etc. — Honi break circuit- breakers — Experiments to 
show that their action is not due to heaterl air — Theory explained — Modified arrange- 
ment of horns — Blow-pipe action of horn break fuse — Liability to induce surgings in 
high-tension cables — Carbon-tipped horn break circuit-breaker — * Siemens ' plunger 
circuit-breaker — * Partridge' vacuum circuit- breaker — 'Partridge' sparklet fuse — 
Examples of oil break circuit- breakers : ' Ferranti ' H.T. oil fuse, * Ferranti * extra 
H.T. multiple oil fuse — * Ferranti,' 'Cowan,' and 'Stanley' oil break switches — 

* Schuckert ' and ' Parshall ' multiple break circuit-breakers — Shutter circuit- 
breaker — ' Mordey ' dust fuse — Shunted circuit-breakers. 

The term circuit-breaker is here used to signify a device for interrupting 
a current — as distinct from a switch, the use of which is assumed to be 
confined to directing the flow of current. 

Reference has been made in a previous chapter to the difi&culties which 
arise in breaking a circuit carrying a heavy current. These difi&culties are 
proportionally greater in dealing with high-tension currents. A. pressure 
which is insufficient to cause the current to spark across an air gap an 
eighth of an inch wide is sufficient to maintain the circuit across a gap 
two or three feet wide when a heavy arc is established. This is chiefly 
due to the fact that the arc itself becomes a moderately good conductor, 
owing to the presence of metallic vapour caused by the action of the 
intense heat produced immediately the arc is established, on the metal 
contacts. 

Various devices have been used with more or less success for over- 
coming these difficulties. They practically all depend, however, upon one 
of the following principles : — 

(A) The formation of an arc is prevented by very rapid separation of 

the contacts, thus increasing the gap between the points of contact to a 
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non-sparking distance without generating sufficient heat to vaporise 
the metal. 

(B) The circuit is finally broken between carbon contacts, or between 
contacts made of zinc, the vapour of which has less conducting power. 

(C) The circuit is broken under water. The temperature is thus pre- 
vented from rising sufficiently high to vaporise the metal. 

(D) The arc, immediately it is formed, is blown out magnetically, or by 
means of a blast of air. 

(E) A shutter of non-conducting material is interposed in the path of 
the arc. 

(F) The circuit is broken under oil. 

(G) The circuit is broken at a number of points simultaneously. By 
this means the energy to be dissipated on breaking the circuit is divided 
up instead of being all concentrated on one point; it may thus be in- 
sufficient to raise the temperature of all the points of contact sufficiently 
high to vaporise the metal. 

(H) The arc is suddenly cooled immediately it is formed, either by the 
rapid expansion of air or gas, as in the Partridge switch, or by drawing 
one of the contacts through a heavy block of metal, as in the Siemens 
switch. 

The method selected for interrupting the arc on breaking a circuit 
should depend upon the conditions under which the circuit-breaker is to 
be used. For ])reaking an H.T. alternating current, a slowly drawn out 
arc in open air is the worst type, as breaking such a circuit under these 
conditions causes abnormal rises of pressure throughout the system. For 
this purpose the best practice appears to be to break the circuit under oil. 
This instantly interrupts the flow of current without the formation of an 
appreciable arc. To attempt, however, to suddenly interrupt a direct 
current circuit by this means is liable to lead to quite as disastrous results 
as slowly drawing out an arc on an alternating current circuit. The use 
of oil-break switches on the H.T. direct current circuits at Hull had to be 
abandoned for this reason. 

Prof. Bertram Hopkinson, in his paper on Automatic Circuit-Breakers,^ 
publishes the results of some very interesting experiments, from which it 
appears that even the use of magnetic blow-out circuit-breakers is under some 
conditions liable to cause excessive rises of pressure. Prof. Hopkinson 's 
experiments consisted of taking a number of readings of the current flowing 
in a low resistance circuit connected across a large storage battery of 260 
cells; automatic circuit-breakers, of the carbon contact type and the 
magnetic blow-out type, being connected in series with the circuit to 
interrupt the heavy flow of current due to the short circuit. The current 
readings were taken, by an ingenious apparatus clearly described in the 

^ See I*roc, fast. Civil Eiigifieers, vol. cli. p. 363. 
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paper, at the moment the 'sbort' was applied, and at various short 
iotorvala of time after, until the flow of currunt was iuterrupted by the 
circuit-breaker. Prof. Hopkiason found that when using a carbon contact 

circuit-breaker set to release at 22B amperes the current rose to and was 
maintained at 3600 amperes during '018 second, and gradually fell to 
zero in about 06 second. With a magnetic blow-out circuit-breaker set 
to release at 300 amperes the current rose to and was maintained at 3500 
tor '036 second, and fell to zero in about "05 second. 

The results of these experiments arc plotted in fig. 34. It will be seen 
that the rate of change ia very much greater in the magnetic blow-out 
type than in the carbon break type, and as a consequence the inductive 
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Via. 34.— Curve sli( 



Thousandths of a Second. 
'iiig suddeniiMs of interruptiou due to magnetic Mow-o 



rise of pressure due to this rapid change of current strength will be con- 
siderably greater in the first case than in tlie second. Prof. Hopkiuaon 
deduces from his experiments that tlie rise of i)reasure due to opening a 
short circuit current by means of the carbon break circuit-breaker under 
given conditions would amount to 300 volts^ — whereas the opening of a 
similar circuit by means of a magnetic blow-out circuit breaker under 
the name conditions would cause a rise of pressure amounting to 1900 

Circuit-breakers may l)0 divided into three classes : fl) mechanical 
circuit^breftkers operated by hand only, (2) mechanical circuit-breakers 
operated automatically in the event of an excess current, (3) fusible 
c I rcu it- breakers. 

The flrst-mentioncd arc seldom opened under full load, though provision 
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should, of course, be made for operating them under these conditions in 
case of emergency. The second and third classes are operated by a current 
considerably in excess of the normal load. They are, therefore, required 
to interrupt the circuit under much more trying conditions than the hand- 
operated circuit-breakers. The third class present the greatest difficulties, 
inasmuch as the blowing of a 
fuse is liable to liberate very 
much more metallic vapour, 
and consequently a much 
better conducting medium is 
provided. 

Reference has been made 
to the fact that high-tension 
currents are more difficult to 
break than currents at com- 
paratively low pressures. The 
difficulties are also greater if 
the current to be interrupted 
is a very heavy one. It is 
perhaps rather a question 
of horse-power than actual 
pressure or current alone. A 
direct current circuit is at 
all times much more difficult 
to interrupt than an alternat- 
ing current circuit of the same 
kilo-watt capacity^ and a highly 
inductive direct current circuit 
is the most difficult of all. The 
sudden opening of a field mag- 
net circuit of a large generator 
will produce a very long and 
persistent arc, unless proper 
precautions are taken to pre- 
vent its formation^ and if this 
arc is suddenly quenched by 
mechanical or other means, a 




Fig. 36. — Brush liquid break field switch. 



pressure many times the normal working pressure will be induced across 
the terminals of the field, owing to the sudden withdrawal of lines of force 
from this circuity and this^ if permitted to occur, is very liable to break 
down the insulation of the field windings.^ 

Special circuit-breakers have been designed to prevent this abnormal 
' See reference to danger of suddenly interrupting an H.T. circuit (Chapter X.). 
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rise of prcBsure. The practice at one time was to greatly reduce the 
curreiit in the maguetiaing circuit bj gradually increasing the reBietance 
of the circuit before finally breaking it. A device for this purpose is 
illustrated in fig. 36. The circuit- breaker was ahunted by a pair of lead 
platea A B immersed in an earthenware vessel containing acidulated water. 
The action of opening the connection between the main contacta C D 
gradually increased the distance between the lead plates, and the circuit 
woa finally broken when the moving lead plate was entirely withdrawn 
from the acidulated water. Tiiis device served its purpose bo long aa it 




Fin. 36. — Diagrom of cannvctiuns of Siemens field switch. 

was confined to use on comparatively small generators, though even then 
it required a certain amount of care on the part of the operator, as the 
rise of prcasure would obviously not be prevented if the resistance was out 
out too quickly. 

A common practice at the present time is to shunt the field winding! 
with a reaistauce juat before the magnetising current la interrupted. The 
effect of thia is to dissipate the energy stored in the field by the circulation 
of a moderately large current through the short-circuited winding. The 
direction of thia induced current ia, of course, auch aa to tend to maintain 
the magnetiam of the field; as a conaequence, a field so short circuited 
takes a considerable time to become thoroughly demagnetised. 
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A switoh largely used for this purpose is the Siemens field switch, 
illustrated in fig. 36. 

To close the field circuit D the movable switch arm C is placed to make 
contact with A only, B beiug open circuited. To open the field circuit 
the switch is moved over to B. Its construction is, however, such that it 
makes contact with B before it breaks with A. When fully opened the 
resistance R connected to B is left across the field. The field winding is 
in consequence under no condition open circuited. It will be evident^ 
however, that, when the switch is passing through the position in which 
it is shown in fig. 36, the generator G has to provide the current taken 
by the resistance in addition to the field current, and it is this combined 
current which has to be broken by the switch on its leaving A. To limit 




Fio. 37. — Diagram of connections of Cowan-Still field switch. 

the arcing resulting from this break, the switch is provided with carbon 
roller contacts a a, b b. 

In the Cowan-Still switch, illustrated diagrammatically in fig. 37, the 
formation of an arc, and consequently rises of pressure, are entirely 
prevented. 

To open the field switch the handle is moved in the direction indicated 
by the arrow. This movement withdraws the main switch blade from 
the contact C ; it does not, however, break the circuit, as the supply 
is still maintained through the resistance K, the contact C^^ and auxiliary 
blade. This latter blade is retained in contact with C^ until contact is 
made between the main blade and C'^ In this position the exciter or 
field 'bus bars are for the moment short circuited by the switch ; as, 
however, the resistance of R is equal to the resistance of the field 
windings an excessive current is prevented from passing. The action of 
pushing the main blade home withdraws the auxiliary blade from C^ 
thereby cutting ofi* the supply. As, however, the field has already 
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been abort circuited, the onlj arc formed on breaking the circuit is 

that due to interrupting the current through the non-iDductiTe 

reeiBtance E. 

The advaatagCB of this arrangement appear to be : — 

(1) That the nou-inductive rcBistance is iuaerted in series with the field 

instead of in parallel when the switch is opened, and consequently the 

demand npou the exciter is halved instead of doubled. 




Photo of Cowiiii-Still double- polo field awikli. 



(2) The field is directly short circuited by the switch contacts without 
resistance in sericB with it, and as a consequence it dies down much more 
slowly. 

In practice a double-pole switch is generally used. Such a switch is 
illustrated in perspective in fig. 38, and diagrammatically in fig. 39. 

Qmck Break Hand Circuitbreakers. — Of the various methods of 
breaking a circuit referred to in the early part of this chapter, one of the 
simplest is that of rapid separation of the contacts. A simple circuit- 
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breaker of this type for low-pressure work is shown in fig. 40. In this a 
divided flat blade is employed to connect the pair of contacts forming the 
two ends of the circuit to be completed. On making contact they act as 
one blade, but on breaking the friction of the contacts retains one half of 
the blade until the tension on the spring is sufficient to overcome the 
friction of the contact, when it flies off^ with great rapidity, thus interrupting 
the circuit without any appreciable arc. 
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Indtxctive drcvcU/ 
Fig. 39. — Diagram of double-pole field switch. 




Fig. 40. — Divided blade quick break 
switch. 



Messrs Cowans have made use of this principle in their quick break 
carbon switch illustrated in fig. 41. In this case, however, the light blade 
carrying the carbon is retained in contact by a catch which only releases 
the final break after the main switch has been opened a definite amount. 
This construction ensures a good tension on the spring between the blades 
at the moment the circuit is opened. 

An example of a quick break high-tension circuit-breaker is the well- 
known Mordey trigger switch ; this is illustrated in fig. 42. A powerful 
spring encircling the fulcrum tends to open the switch, but is prevented 
from doing so by a catch on the top of the fixed cootact engaging with the 
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top of the movable coiituct arm. A second spring encircling tlie f ulcruia of 
the catch tends to keep it securely locked. To op«n the circuit-breaker the 
catch is released by means of a cat-gut string, and in case the tension of 
the spring ta insufficient to overcome the friction of the contact, a tail-piece 
attached to the catch poaitively forces the movable contact arm out of the 
fixed contact. This circuit-breaker is quite satisfactory so long as its use 




Kic. 4t.~IIamlyn carboD breuk Bwitcli. 

is confined to dealing with currents not exceeding about 10 amperes at a 
pressure of 2000 volt«, 

A form of circuit-breaker lai^ely used in the States is the Westinghouse 
long quick break circuit-breaker, illustrated in fig. 43. One of the 
terminals of the circuit to !« connected Is supported from the top of a 
large marble panel, the movable contact being carried at the end of a 
long hollow arm made of insulating material. The flexible connection to 
this moving contact is carried through the centre of the insulating arm. 
The circuit- breaker is oloeed against the tension of powerful springs by 
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meaDB of a handle connected to the movable arm through a second insulat- 
ing link. It ia held closed by n catch which, when released, allows the 
movable contact to fly away from the fixed contact with great rapidity. 
The final break is made between blocks of carbon supported from tlie upper 




Fio. 42,— Moniey triggar Bwitch. 



parts of the metallic contacls. Thcae circuit-hreakere are usually con- 
structed to be opened automatically, in the event of an abnormal current, 
by a magnetic device. The illustration shows three of thcae switches for 
a three-phase circuit, meehanicnlly connected, so tliat they can be operated 
by flue handle. Larye marble shields are fixed between the circuit-breakers 
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on their reBpective phases to prevent the arc, formed on opening, jumping 
from the contacts of one phase to those of either of the adjacent phaaca. 
An interesting form of quick break circuit-breaker ia used in the high- 




Fiu. 43. — Westdnghouee long break switcli. 

tension generating station at Berlin. The rate at which the contocte are 
here aeparated ie increaaed fourfold by employing four movable contact 
arma instead of one. These arms are all mechanically connected, and may 
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therefore be opened or closed simultaneously by the movement of one 
handle. The contacts on two of these arms are electrically connected to 
the terminals of the circuit to be completed or broken, the opposing two 
contacts being merely electrically connected together. An insulating 
partition is placed between the pairs of contacts (see C, fig. 144). 

Water Break Circuit-breakers. — The Kaworth circuit-breaker, illus- 
trated in fig. 44^ is an example of this type. The contacts connected to 
the respective circuits to be interrupted are mounted on a suitable insulator 
and covered by water contained in glass cylinders. These contacts are con- 
nected together by means of two interconnected plungers supported from 
a cross beam. Small pistons attached to these plunger rods, working 

in a cylinder above the water pots, serve ^q^ ^^ 

to guide the connecting phmgers into 
the contacts. The cylinders are made 
watertight by rubber joints between the 
glass and metal support. This form of 
circuit-breaker has been repeatedly used 
for breaking very heavy currents with 
only a few inches of water over the 
contacts, and so long as this condition 
is maintained, it may be relied upon 
to safely open the circuit. The draw- 
back to its use is that the glass cylinders 
are liable to crack or the joints to give 
out, and thus allow the water to leak ; 
and any possibility of water leaking in 
the neighbourhood of high-tension con- 
nections should, of course, be avoided. 

An improved form of water break is 
the Cowan circuit-breaker (see fig. 134). 
Metal water pots are here used, the pots 
being cast in one piece, with a terminal projecting from tiie bottom. A 
small glass window is fixed in the front of the pot to enable the attendant 
to see the height of the water. The movable contact arm in this design 
has a radial movement, and when the circuit is opened this contact is lifted 
quite clear of the water pot. One water pot only is provided for each 
circuit ; it is thus a single break switch only. The current is conducted 
to the movable contact from the 'bus bar by means of a flexible connection. 
When the switch is open the water pot connection is dead, and the height 
of the water may, therefore, be adjusted or the contact cleaned without 
any great risk to the attendant. 

The Brush Co.'s latest standard water break switch (see fig. 139) is very 
similar to the one last described, the chief difference being that two 
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water pota are used For each circuit, aud the movable coutact is merely 
a n shaped piece for connecting the two pota together. The movable 
contact ill this caae ia made dead by opening the switch, but one of the 
water pota ia always alive, unless some additional switch is provided for 
disconnecting it from the 'bus bars. 

The author haa also used a double pot water break switch (see fig. 
138), but in this case the water pot connected to the 'bus bar is made 
dead when the switch is opened by placing the three-way 'bus bar switch 
in a position half-way between the two 'bus bar contacts. 




Fio. 46.— BiitcsfuBo. 

Blow-out Circuit^breakerB. — A method of interrupting the arc that 
has been largely used by different designers is that of blowing it out by a 
blast of air. The Fowler circuit-brciiker ia an interesting cJiample of this 
type of break. The action of opening the switch forces a piston into a 
cylinder, and the air thus compressed is directed to impinge upon the arc 
and thus blow it out. 

The well-known Bates fuse (fig. 45) is another eiample of a blow-out 
circuit-breaker. The fuse wire ia carried thTough a porcelain tube, which 
also forma the carrier for the fuse contacts. When the fuse melts, due to 
an abnormal rise of current, the fuse wire parts midway between the 
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contacts. The intense heat, due to the arc formed immediately the 
metallic circuit is broken, causes a rapid expansion of air, whicti escapes 
at each end of tlie tube, and in doing so blows out the are. When this 
fuse was first introduced it was found that the first time a new fuse carrier 
was used it invariably broke the circuit satisfactorily, but on attempting 
to use a fuse carrier a second time the arc was often maintained. This 
difficulty was traced to be due to a thin film of copper deposited on the 




F]i:. 40.— Schncltertriiai 



interior of the tiibo by the blowing of the first fuse. It iippeared that the 
arc was broken by the blowout action, hut the circuit waa re-established 
through the cojiper film deposited on the tiilte. To overcome this difficulty 
the makers now provide a replaceable pipeclay tube to surround the fuse 
wire, and the interior of the handle is thus protected from the copper 
deposit. To ensure the satisfactory ojiemtion of these fuses it is very 
necessary to see that an inner tube is never used a second time. 

A modified forcn of ISates fuse is the liritish Schuckert Co. 'a fuse, 
illustrated in tig, 4G. The fuse wiie is in this case divided into a number 
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of Btrands, each strand being curried throi^h a separate tube. It has 
been foiind that a fuse divided in this way is very much more reliable for 
heavy curreuta. Aa explanation wbich ia given for this increased re- 
liability is that the difficulty of interrupting an arc is very greatly increased 




Flc. 47.— Stanley fuse in contact'^. 

by the amount of metal tliat is vaporised ; and by dividing a lai^e fuse 
into what is actually a number of small tiiscs this difficulty becomea 
greatly reduced, owing to the fact that the circuit ia probably finally 
broken in one only of the sections. The illuatratiou shows a fuse designed 
for 60 amperes at 5000 volts. This fuse carrier is provided with a hinge 



CIRCUIT- BREAKERS, OR CUREENT-INTERRUPTING DEVICES. 47 

to enable it to be oonTeDientl3r used as a anttch, though it must not, of 
course, be so used when there is any appreciable curreat flowing through 
it. A carbon contact is provided to avoid any pitting of the main coutacts 
when opened with current flowing. 

An interesting form of blow-out circuit- breaker is the Stanley ball fuse, 





Fia. 48.— Section of Stanley bttll fuse. 



Fio. 49.— Stanley Tuse blowing. 



illustrated in iigs. 47, 48, and 49. This fuse consists of an ebonite barrel 
about IJ inches in diameter. Tins barrel is bore<i with a ji^-iucli hole 
through its centre. A chamber is provided at each end of tlie tube large 
enough to contain a small carbon ball, which is nornially held at one side 
of the chamber bj the fuse wire. A metal cap is screwed over each end 
of the ebonite barrel, and the fuse wire is clamped to this metal cap under 
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an eccentric washer. Outer raetal caps from which the contact tongues 
project fit ttghtlir over the caps first mentioned. The latter caps are 
perforated at the ends with a number of small holes through which the 
gases escape. A small alumiiiiuni tell-tale vaiie B rests on the top of 
these perforatiims, and the escaping gases, incident to the blowiog of the 
fuse, throw this little vane over into view of the attendant, thus indicating 
that tlie fuse has blown. The effect of blowing the fuse is illustrated in 
fig. 49. The fuse wire becomes volatilised, and the 
escaping gases blow the carbon balls into the cavities, 
cfFectively cutting off the arc. It will be seen that, 
quite apart from the action of the ball valves, the gases 
arc not permitted to blow stmigbt through to atmo- 
sphere, as they have to first pass under the clamping 
washer and through the perforations. This path is so 
devious that by the time the vapours reach the atnio- 
sphere they are <]uite harmless and non-luminous. This 
fuse has been designed, and is largely used in the 
States, for working pressures up to 30,000 volts. It is 
interesting to note that, in spite of the fact that uo 
molten copper is allowed to blow directly out at the 
ends of the fuse, as in the case of the Bates fuse, no 
cojipcr deposit appears to be left in the tube. In fact, 
after the fuse has Iwen blown several times there is 
nothing beyond a slight deposit of soot on the metal 
caps at the end of the tube to show that the fuse earner 
has ever been used. Fig. 47 is a perspective view of 
one of these fuses mounted on a marble base. It will be 
seen that the whole of the metal parts are thoroughly 
enclosed, thus rendering the fuse carrier perfectly safe 
to handle when the circuit to which it is connected is 
alive. The barrel can be re-fused, after blowing, in a 
very short time. 

The Hale fuse, made by Messrs Cowans, and illustrated 
in fig. 50, is another interesting and reliable type of 
Fio. BO.— Section blow-out circuit breaker. The chief feature of this device 
it Dale fuse j^ (.j^^ ^^^^ ^^^^^,1 j^j,iount of fuse wire used. Reference 
has previously been made to the fact that the difficulty of interrupting an 
arc is in a great measure due to the metallic vapour. In a long fuse much 
more metal is vaporised than in a short fuse. The fuse wire in the Dale 
fusible circuit-breaker ia only al>out halt an inch long ; the ends of this are, 
however, attached to small porcelain pistons A B fitting moderately tightly 
in an ebonite or vulcanised fibre cyhnder. Contact ia made between the 
fuse wire attached to these porcelain pistons and the terminal caps at the 
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end of the tube by means of very flexible conductors. The gases formed 
by the melting of the fuse force these pistons up the tube, the flexible 
connections allowing this movement. By this means the arcing distance 
is greatly increased, and the arc thereby becomes effectively extinguished. 
The diameter of the cylinder is increased at the end remote from the fuse, 
thus allowing the gases to escape between the piston and the walls of the 
cylinder at this end. The author has tried the experiment of connecting 
a number of these fuses of different sizes directly across the poles of a 




Fig. 61. — Schuckert horn break switch. 

200 K.W., 2000 volt, Mordey alternator. On every occasion the circuit 
was instantly interrupted without the slightest sign of visible arc. 

Magnetic Blow-out Circuit-breakers. — It is well known that a powerful 
magnet placed in close proximity to a continuous current electric arc will 
repel the arc with considerable force. This principle has been employed 
by the British Thomson-Houston Co. in their standard circuit-breakers, 
and by other makers. 

Horn Break Circuit-breakers. — This type of circuit-breaker is very 
largely used on the Continent for both switches and fuses. Fig. 51 
illustrates the British Schuckert Co.'s circuit-breaker made on this principle. 
Curved metal horns project vertically from the contact plungers, each 
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horn consisting of two pieces of J-inch rod placed side by side and connected 
together at the top. Contact is made at the lower extremity of these 
horns by a wedge-shaped plunger fitting between the horos. The main 
current is carried by a blade making connection with two knife contacts. 
To open the circuit the connecting blade is withdrawn vertically downwards 
by the link motion operated by the controlling handle. After the circuit 
is broken at the main contacts it is maintained between the horns by the 
wedge-shaped plunger. When the latter is withdrawn an arc is started 
between the lower extremities of the horns, and this runs upwards, rapidly 
increasing in length until it exceeds the distance at which the pressure 
is capable of maintaining an arc. 

The makers claim to have constructed circuil^breakers on this principle 
capable of breaking with perfect success 100 amperes at 20,000. volts. 

This circuit-breaker is so arranged 
that it can be fixed at the top of 
a switchboard and operated by a 
lever fixed in a convenient position 
on the front of the board. 

Circuit-breakers of this type 
are also largely used for inter- 
rupting the arc formed on blowing 
a fuse. The fuse wire is, in this 
case, connected across the low^er 
extremities of the horns, and the 
arc established by the melting of 
the fuse is carried up the horns 
in the same manner as in the 
mechanical circuit - breaker re- 
ferred to above. 
It is often thought that the action of this circuit-breaker is due to the 
arc being carried up high by the upward draught of air resulting from the 
rise of temperature due to the arc. Although the upward draught of 
air probably does assist the action of the arc, it has been found that this 
does not entirely account for it, as a circuit-breaker of this type laid over 
on its side will repel the arc to the further extremities of the horns almost 
as well as with the horns in the vertical position shown. The effect 
appears to be chiefly due to magnetic repulsion. It is well known that if 
a heavy current is caused to flow in opposite directions through two 
adjacent conductors, the conductoi-s tend to repel each other. The Siemens 
dynamometer is based upon this principle. If three conductors A, B, and 
C, fig. 52, are arranged in the form of a triangle, and the conductor B is 
left free to move in the direction indicated by the arrow, on sending a 
heavy current through the circuit, B will be repelled by both A and C, as 




Fio. 62. —Diagram illustrating theory of lioru 

break blow-out. 
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the direction of the current in B is opposite to that in A and C. It is 
evident that the shape of the conducting circuit, when the arc is, say, half- 
way up the horns, will be similar to that formed by the three conductors 
A, B, and C ; the arc, being the conductor B, will be repelled by A and C 
further towards the extremities of A and C. 

To ascertain to what extent the action of this circuit-breaker could be 
attributed to magnetic repulsion, the author carried out some time ago a 
number of experiments with different shapes of projecting horns. The 




Fio. 53. — Flat horizontal horu break fuse. 

length of fuse wire was in all cases 3 inches, and in all experiments a 
single strand of 16 copper wire was short circuited across the terminals of 
a 2000 volt, 200 K.W. Mordey alternator. It was found that a pair of 
horns projecting horizontally, as shown in fig. 53, interrupted the arc 
formed on blowing a fuse bridging the two horns with equal certainty and 
much greater rapidity than in the case of the bonis arranged in the usual 
manner. The arc was repelled to the further extremities of the horns, and 
one can imagine the path of the arc would be as indicated by the dotted 
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Fig. 54. — Action of flat horns neutralised. 

line. It is evident that the upward draught of air has in this case nothing 
to do with the arc being repelled to the extremities of the horns. On the 
other hand, one would expect the effect of the magnetic repulsion to be 
very much more apparent in this case, as it evidently is. 

Horns bent in the shape shown in fig. 54 absolutely failed to interrupt 
the circuit. It is obvious that in this case the current in A^ and B^ 
neutralises the effect of the current in A and B. 

Horns arranged as shown in tig. 55 operated perfectly. A photograph 
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taken of tlie arc formed l)y this arrangement of the bomB is reproduced 
in fig. 56. 




Fig. K. — Long and short hom break fuse. 




GS.— Pbottj of arc caused by long and short honu. 
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It would seem from the photc^rapha that the arc ia repelled with 
considerable force from the extremit; of the short horn. There 
appeared, in fact, to be quite a blow-pipe action from this horn. To 
ascertain to what extent this waa bo, the experiment was repeated with 
the boms thoroughly enclosed in a chimney built of fire-bricks, about 
3 inches clearance being allowed between the horns and the interior of 
the chimney. It was found on removing the bricks after the fuse had 
blown that the arc repelled from the extremity of the short horn had 
burned a hole about a quarter of an inch deep in the brick upon which it 
hftd impinged. The bricks directly above the burnt brick were slightly 




Flo. &7.— Photo of arc due t« homs of usual shape. 

blackened, but those on the opposite side of the vertical horn were barely 
marked. The arc was not instantly extinguished, as in the open type horn 
fuse, but was repeatedly re-established for several seconds, each time with 
a very loud report. Apparently it was repelled to the extremity of the 
short horn, and was then reflected back by the brickwork, and thus 
re-established. 

Fig. 57 is a reproduction of a photograph of the blowing of a fuse across 
horns of the usual shape. It will be seen that the arc is instantly carried 
to the top of the horns, and b there maintained for an appreciable time — 
long enough, in ^t, to bum away a considerable portion of the horn each 
time the fuse is blown. There are no signs of the arc being broken and 
re-eetablished as it travels up the horns, either in the photograph or from 
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tho actual appearance of the home. It is noticeable that the arc is fiercer 
OD the outside of the horns ttian between them, thus again indicating the 
effect of repulsion. 

Fig. 6S represents the blowing of a similar fuse across horns shaped as 
in fig. 53. Here the arc is obviously repelled to both extremities of the 
horns, but is not maintained there — at least the ends showed no sign of 
being burnt. The horns were, however, pitted along their entire length, 
clearly showing the path of the arc 

An interesting horn break fuse may be made by threading two ends of 
cable through a porcelain tube about 6 inches long, and merely twisting a 




Fin. 68.— Pboto of arc from fl«t honifl. 

piece of copper fuse wire across the projecting ends of the cable, as 
shown in fig. 59. The arc formed on blowing a 200-ampere, 2000.volt, 
fuse will be extinguished by the magnetic repulsion between tho 
current flowing in the two cables and the arc. It will be evident that the 
direction of the current in the arc will be opposite to that of the ctirrent 
in the two cables. 

The drawbacks to the use of all horn break circuit- breakers are that 
considerable space is required for safe operation, and that violent surgings 
are liable to bo produced through the system whilst the arc is being main- 
tained through the metallic vapour, causing abnormal, and often injurions, 
rises of pressure. It has been suggested that tho maintenance of the arc 
aoroas carbon points is not liable to be so injurious in this respect. The 
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author has designed and used for some considerable time a horn break circuit- 
breaker in which the arc is only raaintaiued I)etwecn carbon points. This 
circuit-breaker, which has been repeatedly ii8e<l for carryiug and breaking 
a circuit of 500 kilo-watta at 2000 voits, is illustrated in tigs. 129 and 130. 




Fig. G9. — A simiils honi break Tiise. 
Wlien the circuit-breaker is closed the current is carried through the 
heavy laminateil brusii. This is shunted by a pair of carbon-tipped horns, 
and these arc constructed to remain closed tin appreciable time after the 
circuit haa bceu broken at the main contacts. The arc is thus actually 




Fio. eO.—Sifmena [ilunger switch. 
started across the carbon tips, and these are drawn apart as the circuit- 
breaker is opened. The arc is repelled by the current flowing in the two 
carbon-tipped horns, the elfect being practically similar to that shown in 
the fusible circuit-lireaker illustrated in fig. 59. This circuit-breaker 
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has repeatedly broken 300 amperes at 2000 volts across a distance of 
less than 6 inches between the carbon points. 

Arc-cooled Circuit-breakers. — In the Siemens circuit-breaker, illustrated 
in fig. 60, the arc is extinguished by withdrawing the connecting plunger 
P through a metal ring R fixed and supported in an insulating tube. 
When the plunger is withdrawn from the contacts G, which are electrically 
connected to one of the terminals of the circuit to be interrupted, an arc is 
started between the plunger and these contacts, and this is to some extent 
drawn into the tube, causing a great evolution of heat. The metal ring 
absorl)S this heat, and so cools the arc and prevents it from being maintained. 
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Fkj. 61. — Partridj(e piston switch. 

The metal ring also serves to prevent the arc from injuring the insulating 
tube. 

Another method of cooling the arc formed on breaking the circuit is 
illustrated in fig. Gl. This circuit-breaker, designed by Mr Partridge, 
consists of a pair of suitably guided, movable, electrically connected 
contacts provided with pistons adapted to slide, with a good fit, in porcelain 
cylinders containing the fixed contacts connected to the ends of the circuit 
to be completed. Upon withdrawing the movable contacts from the fixed 
contacts a partial vacuum is set up in the cylinders until the pistons leave 
the open ends, whereupon air enters the cylinders and destroys the 
partial vacuum therein. This sudden inrush of air is said to effectually 
extinguish any arc that may have been formed. 

A very simple and effective method of cooling an arc is that employed 



CIRCUIT-BREAKERS, OR CURRENT-INTERRDPTINO DEVICES. 57 

in the Partridge sparklet circiiit-breaker, an example of which is illus- 
trated ia fig. 62. Ordinary sparklets A, such &a are commonly used for 
making effervescing water, are supported by spring chps directly over the 




Fio. 62. — Partridge sparklet Tuae. 

point at ivhich the circuit is to be broken. The arc formed fuses the metal 
cases of the sparklets, and allows the gaa to escape. Tlie rapid expansion of 




FiQ. 63. — Ferranti ail break fuse- 

the gas cools the surrounding air to such an extent that the maintenance of 
the arc is effectually prevented. From a number of experiments that have 
been made, it has been found that a sparklet circuit-breaker will effectually 
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interrupt a heavy current arc at a pressure of 10,000 volts with a very 
short break. 

Oil Break Circuit-breakers.— One of the most successful methods of pre- 
venting the formation of an arc in that of breaking the circuit beneath the 
surface of an insulating oil. This method has been very largely applied in 
this country in the well-known Ferranti high- pressure fuse. This is shown 
in fig. 63. A rectangular porcelain vessel is divided into two compart- 
ments ; each compartment contains a metal spring, to which the ends of the 
fuse wire are connected. These springs are held in tension by the fuse, 
resting on the top of the partition dividing the contacts. When the fuse 
wire melts the tension ou the springs is released and the ends of the fuse 
wire are withdrawn beneath the surface of the oil. The arc formed is thus 
instantly extinguished. Metal tongues projecting from the ends of each of 




Fin. 04.— Ferranti E.H.T. oil break fuse. 

the compartments are connected to the respective springs in the containing 
vessel; these tongues serve to connect the fuse to the terminals of the 
circuit to be completed. 

A modified form of I'crranti oil break fuse specially designed for eitra 
high pressure work is shown in section in fig. 64. This tnse might be 
described as a multiple oil break circuit-breaker, as the fuse wire, instead of 
consisting of one strand, is divided into a number of sections, each section 
being entirely separate from adjacent sections. The higher the pressure 
and current to be dealt with, the greater is the number of sections, A 
pair of gun-metal fittings A, provided with contact tongues, are cemented 
respectively into the two separated compartments of a porcelain carrier. 
These gun-metal castings are fitted with glands into wliich vertical porcelain 
tubes I> arc clamped. A spindle running longitudinally through each 
casting is fitted with revolving drums D, each drum having a clockwork 
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spring fitted to it, A flexible conductor is carried round the outBide of 
each of the drumB, and fuBc wire is soldered and clamped on to this 
conductor. The porcelain tubes just touch one another at the top. The 
fuse wire bridges over the top of one tube to the tube directly opposite it. 

Fig. G5 is a detailed section of Messrs Ferrauti's standard oil break 
switch (see also fig. 131, Chapter VII.), The main circuit is com- 
pleted through contact A, movable switch arm B, and contact C. This 
circuit is shunted by a second path A' B' C, arranged to be broken under 




F[0. 65.— FerranU oil break switch. 
oil. A gun-metal tank A' is filled with oil to nearly touch the contact C. 
When the switch is opened the circuit is first broken at the dry break main 
contact C, the supply being still maintained through the shunt circuit 
A' B' C, which is held in the closed position by the catch K. Further move- 
ment of the switch haudle releases this catch and allows the compression 
spring G to withdraw the arm B' from the contact C, thus rapidly drawing 
the arc beneath the surface of the oil. To prevent any liability of an arc 
being started Iwtween the contact C and the tank A', C is surrounded by 
a [wroelain tube H securely cemented in the tank. In closing the switch 
tlie pin J engages in the arm K carried outside the oil tank on an extension 
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of the shaft carrying the arm B^, and lifts this natil it makes contact with 
(?, in which position it is held by the catch E. 

Afessrs Ferranti have also recently introduced a new oU break switch for 
oontrolling extra high tension circuits. This is shown in section in fig. 66, 
When the switch is closed the contacts A and B are directly short circuited 
through a flexible contact brush C, outside the oil-containing pot D. This 
circuit is, however, shunted by a number of blades E', E', E*, and con- 
tacts F*, F*, entirely covered by oil inside the pot. The insulating barrel J 
is free to move about tho main shaft, and is only attached to this shaft 
through the spring G. The switch is opened by turning the disc H forming 
the handle. As this is rigidly fixed to tho shaft carrying the main contact 
brush, the circuit is first broken outside the pot. It is, however, muntained 
through the multiple contacts until the tension of the spring is suffi- 
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Fia. S7. — Section of Cowan oil break swilcli. 



cient to overcome the friction between the multiple blades and the contacts. 
The circuit is thus finally broken simultaneously at a number of points 
under oil. The chief difficulty to be contended with in a switch of this 
typo is that of making it perfectly oil-tight. 

An eflicient tji* of oil circuit-breaker that is now becoming very 
popular in this country, on the Continent, and in the States is illustrated 
in fig. 67, The endH of the circuit to be completed are connected to in- 
verted contacts A supported from inaulatora fixed on tlic under aide of the 
slate stab 1). These coutacta arc short circuited by a connecting piece 
carried on an insulator at the end of a vertical rod which can be moved up 
and down by the controlling hnndlo. A vessel containing oil is fixed in 
such a position as to thoroughly cover the contacts with oil. This vessel 
is of sufficient depth to allow the connecting piece to be lowered to open 
the circuit. To examine or clean the contacts it is merely necessary to 
remove the oil vessel, and this can obviously be done without in any way 
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disturbing any of the connections or the working parts of the switch. 
Ak thert! ure no holes in the oil vessel, trouble from leukage is ontirel 




Fiti. 68. — Section of StauUy oil break awitcli. 

avoided. In Messrs Cowutis' particular adaptation of this principle, 
illustrated in lig. 67, a truly vertical movciucnt of the rod carrying the 




Fl<i. 66.— Stuiili'^- oil break switcb io position bvliind )iauc]. 

connecting piece is ensured by the parallel link motion shown. lu 
coustructious this rod is carried in suitable guides. 
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The use of oil for preventing the formation of an arc ia almost utii- 
veraal for the heavy current high-tenaion circuit-bre&kere used iu the 
StateB. The General Electric Co, 'a oil circuit- breaker (see figs. 146-148) 
and the Stanley oil circuit- breaker (figs. 68, 69) are typical examples. In 
the Stanley oil circuit-breaker the contacts are immersed in oil pots bolted 
to marble slabs, usually fixed behind the switchboard and operated 
from the front of the board. The illustration shows a three-phase switch 
operated by one controlling handle. 

Multiple Break Circuit-breakers. — An interesting form of this type of 
circuit-breaker ia the British Schuckert Co.'s high-tenuiou roller swit«h 
illustrated in fig. 70, When the circuit-breaker is closed the current is 
carried by the bridge-piece coiiucctiug the two main contacts. This 




Sohuckert H.T. rolUr switch. 



connection is shunted by a number of rollers carried at the extreme ends 
of small arms insulated from each other, A spring attached to each arm 
tends to separate each roller from its neighbour, but, when the main 
contacts are closed, a cam on the main shaft prc^cs all the rollers into 
contact. When the main contacts arc opened the current is momentarily 
carried by the rollers in contact, but a further rotation of the main shaft 
allows the rollers to spring apart, and a number of small arcs arc established 
between adjacent rollers. It is claimed that the arc is so thoroughly 
divided up that the circuit is not m.iiutaineil, aa it would be if the contact 
was broken at one point only. As u further precaution, the rollers are 
made of non-arcing mctui. 

Another form of multiple break circuit-breaker is illustrated iu fig. 71. 
This circuit- breaker was designed by Mr H. F, Parshidl, and is iu use tor 



64 ELECTRiciry control. 

controlIiDg the high tension circuiU iD connection with the Shepherd's 
Buah power station of the Ceutral London Railway It will be seen that 
the terminals of the circuit to be completed are connected to contacts on 
opposite sides of the switchboard panel, and these contacts are connected 
by a pair of moTablc arms geared together to be opened eimultaaeously by 
the one movement of the operating handle 

Shutter Circuit-breakers — Many designers have devised circuit- 
breakers in which the arc is in 
terrupted bj interposiDg across 
itfi path a shutter of refractory 
material actuated by the operat- 
mg handle The contacts to be 
connected are usually fixed on 
insulators behind a marble panel, 
and the circuit is completed 
through a fl shaped connector, 
the ends of which fit into the 
contacts through the holes in 
the panel When the circuit- 
breaker IS opened, a shutter 
drope across the holes m the 
panel thus effectually cutting 
off the arc. 

The Peard fuse, illustrated 
in fig. 72, is an example of a 
shutter circuit-breaker. It con- 
sists of a central block a of non- 
conducting material, sepanitii^ 
from each other the terminals 
i p to which the fuse d is 
fastened, this central block 
having in its centre a movable 
screen b, which is pressed by a 
spring against the fuse. The 
fuse is weakened where it crosses 
the movable screen, to ensure fusiou taking place at that point only, and to 
allow the screen to instantly divide the fuse in two and thus prevent the 
continuance of an arc. This fuse can be relied upon to break heavy 
currents at pressures up to 500 volts. 

The well-known Alordcy dust fuse might also be classed as a shutter 
circuit-brcakcr. In this fuse the wire is enclosed in a glass tube, a clear 
space being left in the middle of the latter. The ends of the tube are filled 
with an incombustible dust held in place by asbestos washers and the metal 
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oapa at the extreme ends of the tube, to which the fuse wire is electricnll; 
oonnectad. When the fuse melts an arc ia started acroes the interrupted 
circuit, but it is prevented from being maintained between the brass 
terminal caps b; the asbestos washers and incombustible dust referred to, 
which effectually stifles it. These fuses are quite reliable for currents of 
from 1 to S amperes at a pressure of 2000 volts, and have been, and are 
still, very extensiyely used for such small currents. 

Shunted Circtiit-breakera. — The Mordey dust fuse referred to above 
is sometimes used for shuuting 
heavier fuses. A small resistance { \ 

is inserted in seiies with the dust ■ ■ 

fuse to induce the current to select 
the path through the niaia fuse 
under normal conditions. This 
main fuse may be merely a wire 
carried in the open air between 
two terminals a few inciies apart. 
In the event of an abnormal rise 
of current the main fuse is blown, 
the current is then momeutarily carried by the shunt fuse, and the circuit 
finally broken in this. By this means the formation of a destructive 
arc is avoided. 

A light fuse is often used to shunt a low-tension switch, and to 
break the arc that would be formed in the event of this being opened when 
carrying a heavy current. By this means the necessity of providing special 
circuit-breakers, capable of carrying and breaking large currents, is avoided. 
An instance of the use of fuses for this purpose is referred to in the 
description of the Edinburgh switchboard. Chapter IX. 




CHAPTER IV. 
AUTOMATICALLY OFEBATED GIBGUIT-BKEAKEBS. 

Relative advantages of magnetic cutouts and fuses ; lack of time element in the former, 
and uncertainty in the latter -Examples of excess current cutouts: * El well - 
Parker,' * Wan 1- Leonard,' 'I.T.E.,' * Schuckert,' * Cowan,' etc.— Examples of 
time element excess current cutouts : Clockwork, * Gibboney,' * Rucker,* * Hobart,' 
* Charlton,' etc. — Zero or minimum cutouts — ' Raworth ' zero cutout — (-haracteristio 
curves of zero cutouts and various reverse current rutouts — Manchester tyjw of 
reverse current release. 

C1RCUIT-BRBAKKR8 are for many purposes adapted to be operated automatic- 
ally in the event of abnormal conditions arising. Such automatic circuit- 
breakers, often called cutouts, may be controlled electro-magnetically or 
thermoBtatically. They may be divided into three distinct classes — 

(a) Excess current cutouts. 

(b) Zero or minimum current cutouts. 

(c) Beverse current cutouts. 

Excess Current Cutouts are adjusted to operate when the current 
passing through them exceeds a predetermined limit. Such cutouts are 
largely used in the States instead of fuses, but in this country their use 
has up to the present chiefly been confined to tramway, railway, and 
motor work. Both fuses and magnetic, cutouts have their advantages 
and disadvantages. A fuse is usually much simpler and less costly than 
a cutout, and there is a certain time element about a fuse which cannot 
be BO satisfactorily obtained in magnetic cutouts. That is to say, a 
fuse rated to carry, say, 50 amperes will possibly blow if a steady 
current of 75 amperes is maintained for several seconds, and will re- 
main unaffected by a momentary current of double this amount. This 
feature is a very important one, and various attempts have been made to 
construct magnetic circuit-breakers to operate in this manner. The rating 
of fuses is usually not so definite as that of magnetic cutouts. The fuse 
wire is apt to become deteriorated by the continual use at the high 

temperature it is, of • necessity, raised to when working under normal 

66 



AUTOMATICALLY OPERATED CIRCUIT- BREAKERS. 67 

conditions, and frequent trouble is caused by fuses blowing when only 
oarrying a normal current. A further trouble is liable to arise through 
the screws under which the fuse ia clamped working loose, thus causing a 
bad contact, resulting in excessive heating, and the consequent melting of 
the fuse. This difficulty is particularly apparent in connection with 
alternating currents. A magnetic circuit-breaker can usnallj be re-set 
in a much shorter time than a fuse, and this is a very great advantage for 




Flo, 73. -ElweH-Parker cutout. 



use in connection with traction work, as momentary short circuits, or other 
oauses of abnormal rise of current, are of very frequent occurrence. 

One of the earliest types of magnetic circuit-breakers, still largely used, 
W the Elwell-Parker circuit-breaker, illustrated in fig. 73. Ono end of the 
circuit to be controlled is connected to the terminal A. From this it passes 
round an electro-magnet B and up the back of the panel to a contact C. 
When the cutout is closed the circuit is completed through a connecting 
[Mece D to another contact behind C, to which the other oiain terminal is 
connected. An excessive current through the magnet B attracts the 
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armature of this magnet and tripe the catch E. This allows the contact 
arm F to be opened with great rapiditj by the spring O. The extent to 




Fro. 71.— PhoW of large Elwell-Parltor cutout. 

wliich this arm is permitted to 6y open in limitt-d by the stop H comiDg 
ill contact with the rubber ring buffer L. To close the cutout the con- 
trolling handle is pulled down, and as the conbict arm is prevented by 
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the stop H from following, the apriDg G is agaia extended until the oatoh 
E drops into position behind its stop. The operating handle is then liftod, 
thus closing the cutout. The cutout ma; be manually released b; de- 
preseing the small lever J. Fig. 74 is a reproduction of a photograph of 
a large circuit-breaker designed on these lines to deal with 2500 amperes 
at 500 Tolta for the Liverpool Corporation by Messrs Thomas Parker 
and Co. 

One of the most popular methods of releasing the trip of an excess current 
outout is that of floating a core in a solenoid. As the nu^netic pull upon 
a oore partly immerged in a Holenoid is deliDite for a given current and a 
given length of core in the solenoid, the current at which the cutout will be 
operated may be predetermined by adjusting the length of the core within 
the solenoid. The core under 
normnl conditions rests upon an ad- 
justable stop beneath the solenoid. 
When the current is reached at 
which it is desired to release the 
cutout, the core is floated off its 
stop and sucked into the solenoid. 
Immediately it begins to move the 
pull upon it is increased, and it 
consequently rises with increased 
rapidity, gathering momentum as 
it moves, until it strikes the catch 
with a smart blow, thereby re- 
leasing the cutout. 

A well-known cutout opera tod 
by a plunger release, very lately 
used in the States, is the Ward- 
Leonard circuit- breaker, illustrated 
in fig. 76. In this make of cutout the releasing solenoid ia usually lixed by 
the side of the circuit-breaker. This solenoid is iron-otad, thereby ensuring 
a very powerful release. It is claimed that the magnetic suction alone, 
without any hammer blow of the plunger, is sufficient to release the catoh. 
A special feature in connection with this cutout is the use of two circuit- 
breakers connected directly in series or on opposite poles of the circuit, as 
may bo desired. These circuit-breakers are so constructed that each side 
of the circuit in the double pole type is separately closed. The instant 
the current flows, the side of the switch not held by the operator will 
automatioally fly open and break circuit, if an overload or short circuit 
exista at the time. If au overload occurs later, after the switch has been 
oloeed, then both the poles will open simultaneously. In both cases the 
circuit ia instantly broken, and all arcing occurs on the carbon contacts 




FlQ. 76.— Ward- Leonard 



70 



ELECTRICITY CONTROL. 



provided. Theae carbon oontacts are readily repl&ced by loosening a 
oouple of screws. 

Another excess current cutout is the 'I.T.E.,' illustrated in fig. 76. 
The core is in this case divided, the upper half of It, D, being permanently 
fixed in the upper half of the solenoid, whereas the lower half, U, rests upon 
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an adjustable atop M below the solenoid. In the event of an excessive current 
through the winding B the core is sucked up, due to the attraction of the 
solenoid and the upper half of the core fixed in the solenoid. When the 
cone portion of the lower half of the core is just entering the hollow cone 
in the upper core the attraotion is very powerful. At this point the float- 
ing core bite a pin E, which lifts the catch F and releases the arm carry- 
ing the switch contacta K. The contact arm is opened by the Spring act- 
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ing on the plunger I, but this movement u further grently assisted hj the 
projection U on tbe catch : thus the lifting core, in addition to releasing 
the catch, actual); hits the contact arm with a smart blow, thereby ensur- 
ing its being instantly opeued. The contact L merely acts aa a buffer to 
absorb the blow due to the rapid opening of the switch arm. 

The British Schuokert Co.'s excess current cutout is ahio released by 




Fig. 77.~Britiali Schackert 



the attractive action of a solenoid on a floating core. The construction 
of this cutout is shown diagram niatically in Hg. 77. Tbe plunger K is 
carried inside a non-magnetic metallic tube M. An extension 1' from the 
upper portion of this tube carries the main contact C, and indirectly the 
auxiliary contact D. A powerful spring E tends to lift the main contact 
piece and open the circuit, but this movement is prevented by a catch 
I engaging in a projection on the tube M. In the event of an excess 
ourreat, tbe core K is sucked up witli considerable force, and a projection 
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X on the lower end of this core impinges against another projection on 
the catch I, thereby rele&sJng the hold of the catch on the tube M. 
The spring K is thus pennitted to lift the conueoting piece from the main 
coutacts, and the circuit is momentarily carried through the auxihary con- 
tacts A, B, and D. The circuit is finally broken at this point, and the arc 
formed is blown out between the poles of a powerful magnet excited by 
the main solenoid S. To close the cutout the operating handle G is lifted 
to the position shown on the leftrhand figure, thereby allowing the catch to 
again engage in the projection on the tube 
M. The handle is then pulled down, thus 
closing the main contacts. Should the 
short circuit still be on, the rush of current 
through the solenoid again lifts the core 
and releases the catch. It will be obvious 
that the releasing action is not interfered 
with by the operating handle being held 
in the closed position. 

A simple and efficient magnetically 
operated circuit-breaker, manufactured by 
Messra Cowans, Ltd., is illustrated in 
figs. 78 and 79. The circuit to be 
controlled is conducted from the main 
terminal A (fig. 79) through the operating 
solenoid B and main jamb brush contact 
C C to the second main terminal D. 
The main jamb contacts are shunted by 
auxiliary copper contacts C C and carbon 
contacts C C^, The circuit is broken 
first across the mfun contacts, but as the 
current is carried momentarily by the 
low-resistance shunt contacts C C, all 
arcing at the main contacts is entirely 
prevented. 

The necessity of this intermediate 
break between the main and carbon contacts has not always been properly 
appreciated. Experience has shown that automatic circuit-breakers of a 
normal carrying capacity of a few hundred amperes are at times required 
to break currents of several thousand ampteres, with the result that, if the 
main contacts are shunted by comparatively high resistance carbon con- 
tacts only, tiie E.M.F. across the main break due to the C^R drop of the 
carbon shunt is often sufficiently high to establish such a destructive arc 
across the main coutacts as to bum up the circuit-breaker. The contacts 
C C act, therefore, as sparking pieces, and as these can be easily renewed, 
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little damage is dene bj opening an abnormally beavj current. It is of 
couFse imperative that these contacts be kept in moderately good condition, 
aa, should they be used after they have been severely burned, the resistance 
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FlO. 79.— DetailBortlieCoiran J.M. cutimt 
of this path may be almost as high as that of the carbon break, and the 
object of the intermediate break will therefore be defeated. 

An important feature of this cutout is the method adopted of carrying 
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the main jamb brush C. It is of course important that an excess current 
cutout should open instantly on a heavy short circuit. To ensure this 
the moving arm should be kept as light as possible. If the heavy jamb 
brush is carried by the moving arm, the inertia to be overcome is so 
appreciable that the movement of the arm is considerably retarded by it. 
In the Cowan cutout the jamb brush is carried on a spindle K, working 
in a bush fixed in the base of the cutout. A powerful compression 
spring in this bush tends to open the cutout. It is closed against the 
action of this spring by the moving arm R pressing against the projections 
P on each side of the jamb brush support. 

To close the circuit-breaker the operating handle E is lifted to the 
position shown dotted. The projection E^ on the handle engages with the 
projection F^ on the toggle-jointed lever F, and thereby straightens the 
toggle joint and forces the jamb brush C against its solid contact blocks 
with considerable pressure. It is held in this position after the handle is 
released by the roller F^ engaging in the catch G. To release the circuit- 
breaker by hand the loose handle is depressed until the catch G is lifted 
by the connecting link H. In a slightly modified construction of this cut- 
out provision is made to allow the circuit-breaker to open — if closed on a 
short circuit — whilst the handle is retained in the closed position. 

The operating solenoid is wound with heavy-section rectangular copper 
strip rigidly supported from its terminals. The air spacing between the 
respective turns is the only insulation required. The magnetic circuit is 
completed through the iron yoke J. A floating core rests on an adjustable 
stop M in a brass tube K. An abnormal current draws the core into the 
solenoid, and it strikes the pin L with considerable force and releases the 
catch. 

Time Element Devices. — Reference was made in the early part of this 
chapter to the lack of time element about an excess current cutout as com- 
pared to a fuse. This has proved a great drawback in the use of magnetic 
cutouts, for when, as often happens, two or three cutouts of dififerent 
carrying capacities are arranged in series, a short circuit that should 
only operate one cutout will operate all the cutouts in the series. For 
instance, a cutout may be fixed at a main generating station which should 
only operate in the event of a short circuit on the feeders between the 
generating station and the distributing station. A second cutout may be 
placed on the converters ; this should only operate in the event of a short 
circuit in the converter itself. A third cutout may be placed between 
the secondary windings of the converter and the distributing 'bus bars, 
and a fourth between the 'bus bars and each of the distributors supplied 
from the secondary 'bus bars. Now, in the event of a short circuit occurring 
on one of these distributors, it is obviously desirable that only that 
particular distributor should be cut off. This can usually be accomplished 
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by the use of fuses, the fuses nearest the generating station being most 
heavily rated, and the rating being gradually reduced towards the dis- 
tributors. A current that will blow a given fuse in, say, one second will, if 
maintained, blow a larger fuse in two seconds, and a still larger fuse if 
maintained for three seconds. It will be evident, therefore, that if a 
number of fuses of different sizes arc connected in series, the smallest fuse 
will generally blow first and protect the larger fuses. This protection of 
larger cutouts by smaller ones is also attempted in the use of magnetic 
cutouts, and to a certain extent it is euccessfnl. It often happens, how- 
ever, that a short circuit on a distributor allows sufficient current to pass 
before it is interrupted to operate the largest cutout, and as there is no 
time limit in connection with these cutouts, the larger ones open simul- 
taneously with the smaller ones, thus interrupting the supply to a very 
much larger portion of the system than is necessary. 

To overcome this difficulty various attempts have been made to con- 
struct time limit cutouts. One device of this description is shown in fig. 80. 
A clockwork mechanism tends to rotate a disc A in the direction indicated 
by the arrow, but this rotation is normally prevented by a catch B engag- 
ing in the fan H. A solenoid C carries the main current of the circuit 
to be controlled, the operating solenoid of the cutout, J, usually deriving 
its energy from a local source K. Connected in series with this local 
circuit are two brushes D and D^ The brush D makes permanent 
contact with a disc E carried by the rotating clockwork mechanism. 
Attached to this disc is an insulating drum F, which carries a contact 
stud G electrically connected to the disc E. The brush D^ is normally 
not in contact with the drum F. In the event of an abnormal current, the 
core of the solenoid C is lifted, and the clockwork mechanism is released 
and allowed to rotate. At the same time the brush D^ is caused to make 
rubbing contact with the revolving drum F. The local circuit is not, 
however, completed until this drum has made almost a complete revolution, 
thus bringing the contact G opposite the brush D^ The rate at which 
the drum rotates may be predetermined by adjusting the angle of the 
aluminium blades II. Should the short circuit not be maintained until 
the contact stud G comes in contact with the brush D\ the core in the 
solenoid C will be released, and this in turn releases 1)^ from rubbing 
contact with the revolving drum F. The contact G will thus pass D^ 
without completing the circuit, and at the end of the complete revolution 
the catch B will drop into the notch in the disc A, and so stop the mechan- 
ism and leave it in readiness for another short circuit. The idea is that a 
number of cutouts controlled by these time limit devices shall be connected 
in series, the cutouts on the final branches being left to operate instan- 
taneously, and the time limit devices in series being adjusted to operate 
after an interval of one, two, three, or four seconds, respectively ; those 
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neareet the generating atatiou being, of course, adjusted to take the longest 
time. 

A difficulty t>as arisen in conuection with the type of time limit device 
referred to above. Experience has shown that, on a sjratem where there is 
a luge amount of synchronous apparatus in operation, if a short circuit 
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Via. 80. — Clockwork time element derico for cutouts. 

occurs it must be disconnected at once, or else the prolonged drop in 
voltage will cause all the synchronous apparatus to drop out of step ; 
whereas, if the short circuit can be disconnected instantly, the inertia 
of the rotating parts of the synchronous apparatus will keep tbem in step 
for this short period. For this reason, the above type of time limit relay 
is objectionable, since it causes a delay in cutting off the faulty section. 
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Id coDnection with the new geuerating plants of the Niagara Palls 
Power Company, a new form of time limit device, deetgned by Mr W. K. 
Gibboney, of the Power Company, is now being used. This device consists 
of a dasb-pot attachment to the tripping plunger of the oirouit-breaker. 
This retards the movement of the plunger, and consequently the opening of 
the breaker, for ordinary temporary overloads ; but if a real short circuit 




effect, 



Fid. 81. — Rucker's time dement device, 
occurs, the pull on the plunger is so strong that the dash-pot has n 
and the circuit-breaker opens inslantly. 

A novel time limit device, patented by Mr B. P. Rucker, is illustrated 
in fig. 81. The chief feature of this device is the addition of an auxiliary 
weight to the armature or core of the ordinary tripping magnet, an 
additional magnet being used for removing the auxiliary weight in the 
event of the overload or short circuit being mfuntained for a predetermined 
time. The cutout is calibrated by adding weights W to the armature of the 
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tripping magnet until the magnet is only just able to overcome the weight 
when excited with the current at which it is desired the cutout shall 
operate at the end of, say, five seconds, or any other predetermined time 
limit. SuflBcient auxiliary weight W^ is then added to prevent the 
armature lifting until it is excited by the current at which it is desired 
the cutout shall operate instantaneously. If the magnet is excited by 
a current greater than that necessary to lift the weight W alone, the 
armature C will be slightly lifted, thereby allowing the lever D to drop and 
close the contact A, thus completing a local circuit through the winding B. 
This slight movement of the armature now throws the weight W^ on to the 
weight W, and the magnetic pull must be sufficient to overcome both 
these weights if the cutout is to be instantly released. Although the 
current in the main solenoid may be insufficient to do this, the auxiliary 
winding will lift its plunger G, and if the overload is inaintained for 
the predeterjiiined time this plunger will lift the weight W^, thereby 
leaving the main solenoid nothing to do but to lift the weight W 
and the rod of the tripping device T. The auxiliary winding is prevented 
from lifting its core, immediately the local circuit is closed, by an oil dash- 
pot. Should the overload not be maintained for the full time limit, the 
main armature will again be allowed to drop, and this in falling will break 
the local circuit through the auxiliary winding at the contact A, and the 
auxiliary plunger will again fall to its normal position. 

Mr H. M. Hobart has recently devised an interesting time limit circuit- 
breaker. He arranges the tripping coil of the circuit-breaker in a divided 
circuit, the branches of which are of different time constants, and are 
connected to the circuit upon which the cutout operates. In the branch 
containing the tripping coil is placed an inductive device which serves to 
retard the growth of current in this branch when the current in the main 
circuit varies. The other branch of the divided circuit is formed so as to 
offer no impediment either to the grow^th or decay of rapidly varying 
currents. The result of this plan is that, when the current in the main 
circuit suddenly increases, the portion of the same passing through the 
tripping coil increases but slowly, while that in the branch circuit shunting 
the tripping coil rises instantly to its full value. Unless the main current 
is maintained for that predetermined interval for which the parts are pro- 
portioned, the circuit-breaker will fail to act, the main current returning to 
a value or values below that for which the circuit-breaker is set. In case, 
however, the overload current lasts for a length of time sufficient to allow 
the current in the tripping coil branch to rise to a steady value, the circuit- 
breaker will then operate. 

Fig. 82 illustrates diagrammatical ly a thermo-electric cutout invented 
by Messrs Charlton and Barton. A powerful spring A tends to open the 
circuit between contacts B and C, but is prevented from doing so by a 
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cat«h D. This catch is in turn held by an arm E, bolted to a tripping rod F. 
The Bpring G tends to lift the tripping rod and arm, but this movement is 
prevented by a tail-piece engaging in a projection on the lower end of the 
double- fulcrum lever H. This lever is hung from a pair of insulated 
brackets securely fixed tu the conducting strips I, J. These strips are 
rigidly fixed at each end ; consequently any expansion of the strips is bound 
to cause them to bulge outwards, and the effect of this will be to move the 
lever H in the direction indicated by the arrow, thereby releasing the trip 
rod and allowing the cutout to open. The rate at which the device operates 




Flc. S2. —Barton's time element thermsl cutout. 



is obviously governed by the amount of excess current. A very heavy 
current will release the catch instantly, whereas a current slightly in excess 
of the normal will take several seconds to do so. It has, in fact, a time 
constant very similar to that of a fuse. The rating of the cutout may be 
adjusted by varying the height of the arm K. The device is, in practice, 
constructed to be reset by one movement of an operating handle. 

Zero or WiniTnnin Cutouts. — A number of switchboard makers have 
designed cutouts to operate when the current falls below a predetermined 
amount. These cutouts are chiefly used to disconnect a generator working 
in parallel with other generators or batteries, in the event of the said 
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gensrator failing to supply ourrent to the Bystem. The idea ia that, 
should a generator fail, ite ourreut will Ml to zero before it commeuoes to 
receive current from the other generators. 

An interesting zero cutout, designed b; Mr J. 8. Raworth, is illustrated 
in fig. 83. This cutout, in addition to disconnecting H dynamo in the 
event of its ceasing to generate 
current, was intended to also 
switch an incoming dynamo 
into circuit when the pressure 
across its tenninals equalled the 
pressure of the 'bus bars. It 
will be seen that the connecting 
tongue for completing the cir- 
cuit between the two contacts 
ia carried on a vertical rod A, 
which carries an iron armature 
B. Thia armature moves be- 
twk;en two lU'ignetB C and D, of 
which the lower one, G, is mag- 
netised by a shunt from the 
mains, and demagnetised by a 
shunt from the generator ter- 
minals. The upper magnet, 
D, is magnetised by the main 
current passing from thedynamo 
to the station 'bus bars. When 
the dynamo is at rest the lower 
magnet holds the armature down 
and locks the switch out of 
action, and it is held in this 
position until the pressure 
across the dynamo is approxi- 
mately equal to or slightly 
greater than the pressure acnm 
the 'bus bars. When this point 
is reached the two windings on 
the magnet C neutralise each other, and allow the weighted lever F to close 
the switch, thus completing the circuit. The switch is held in a closed 
poBJtion by the magnet D. In the event of the generator controlled by 
this cutout failing, the magnet D releases the switch, which falls by gravity 
and opens the circuit. The weighted lever F has, on starting tlie engine, to 
be put in gear with the switch by means of a small catch or pawl, which 
is automatically released when the switch closes. 
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This cutout was arranged in a switch pillar equipped with an ammeter 
and Toltmeter, placed near the generator which it controlled. It was 
claimed that this apparatus entirely prevented accidents from (a) closing 
the switch when the dynamo was unexcited or not giving full E.M.F., 

(b) closing the switch when the polarity of the dynamo was reversed, 

(c) current coming back on the dynamo and blowing the fuses. It has been 
generally felt^ however, that it is better not to attempt to carry automatic 
switching to such an extent as is done in this apparatus. 

Zero cutouts have not, in practice, proved reliable, and as a conse- 
quence they are now being, to a great extent, replaced by reverse current 
or return current cutouts — that is to say, by cutouts which will not be 
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Fio. 84. — Characteristic curve of zero cutout 



operated by the current falling to zero, but require a definite current in 
the reverse direction to the normal to release them. 

It is not, perhaps, generally recognised that the behaviour of a reverse 
current cutout can be shown by its characteristic curve. The character- 
istic of an ordinary zero current cutout is shown in fig. 84. Let the 
ordinates of the curve represent the torque or pull due to any current in a 
normal or reverse direction, and let the abscissae plotted to the right and 
left of the vertical zero line represent the current in the tripping coil, the 
forward current being plotted to the left of the zero line and the reverse 
current to the right of this line. Let the shaded area represent the pull 
within which the cutout will be operated. Now, it will be evident that, so 
long as the generator controlled by this cutout is supplying to the system 
a current exceeding 150 amperes, the cutout will maintain the circuit 

6 
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closed. Should the current fall, even momentarily, below this point, the 
curve drops into the 8haded area and the cutout will be liable to open. It 
is apparent, therefore, that this shaded area must not be carried too 
high, or the generator will be liable to be cut out when doing very useful 
work. If, on the other hand, the shaded area is kept too low, the part of 
the curve in the shaded area is relatively so small that there is always a 
risk of the cutout being momentarily held in on a sudden reversal until the 
current begins to rise in the opposite direction, when it will, of course, 
entirely fail to release the cutout The impossibility of fixing the height 
of the shaded area so as to reliably overcome both of the difficulties referred 
to has, as previously stated, led to this type of cutout being in many cases 
abandoned. In some installations, such as. at McDonald Road, Edinburgh 
(see Chapter IX.), no automatic cutouts of any description are used 
between the generators and the main 'bus bars.^ Manually operated circuit- 
breakers are provided instead, and it is left to the switchboard attendant to 
switch out any machines which may fail. To indicate to the attendant 
which machine is failing, ammeters are used which only give a reading 
when carrying a forward current. Should a generator fail, the ammeter in 
circuit with that generator will stand at zero, although a heavy reverse 
current may be passing through it. In the majority of direct current 
stations reverse current cutouts are, however, used, and as these can 
undoubtedly now be made to operate with certainty in the event of a 
generator failing, and to remain untripped so long as the generator is 
doing useful work, it appears that the greatest immunity from failure 
can be obtained by employing some device of this description. 

Beverse Current Circuit-breakers. — A number of designers have con- 
structed cutouts to operate only when the direction of the current is 
actually reversed ; that is to say, they are not operated by the current in 
the series winding of the release falling to zero. This object may be 
attained by using a compound wound magnetic device for the release. The 
series winding of this release carries the main current from the generator, 
and the shunt winding is connected across the 'bus bars or across leads of 
opposite polarity. This shunt winding is in one construction connected up 
to magnetically assist the series winding when the generator is supplying 
current to the 'bus bars, and to oppose the effect of the series winding when 
the generator receives current from the 'bus bars. Curve AA, fig. 85, repre- 
sents the pull due to the series winding only. Curve BB gives that due to 
the shunt winding only, and curve CC gives the resultant pull due to the 
two windings combined. It will be seen that curve CC does not drop into 
the shaded area until after the series current has fallen through zero and 

^ The receut complete interruption of the supply from the Westminster Electric Supply 
Company's system has emphasised the danger of not using reverse current cutouts in 
generator circuits. 
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has beguo to iocrease as a motoring current. Cutouts of this type are, 
therefore, not liable to give so much trouble as the ordinary zero or 
minimum cutout, though it wilt be seen that if the motoring current rises 
ver; quickly, as it would be liable to do if, for instance, the brushes of the 
generator controlled were accidentally short circuited, the cutout vould 
probably fail to act before the curve again rose out of the shaded area, in 
which case it would be prevented from operating at all. 

Another serious defect arising in connection with cutouts of this type 
is that they will be operated by a momentary failure of the series and shunt 
currents, such as, for instance, might occur with a number of machines 
excited in parallel, in the event of their excitation momentarily failing. 
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Cutouts of this type are for the same reason quite useless as protective 
devices on the distributing end of feeders, as in the event of a momentary 
interruption to the supply all cutouts would open, and it would be neces- 
sary to Bend attendants round the entire district to replace the cutoute 
before the supply could be continued. 

Positively Operated Cutouts. — The characteristics shown in figs. 84 
and 95 both refer to cutouts depending for their action upon a negative 
release ; that is to say, they are operated when the magnetic pull is insuffi- 
cient to overcome the opposing pull due to gravity or a spring. It is 
preferable, however, that this release should be effected by a positive 
magnetic pull, somewhat upon the lines of the excess current cutAUts 
referred to in the early part of this chapter. Several reverse current 
cutouts of this type have been put on the market, a simple compound 
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wound solenoid release being used. The aliunt winding is in this case 
oonnected up to oppose the series winding under normal conditions — that 
is to saj, with the current in a forward direction — and to aasist the series 
winding in the event of the direction of this becoming reversed. The 
characteristic curve of a cutout constructed upon this principle is shown in 
fig. 86. The drawback to this type of release is that all the generators 
in a station are very liable to bo cut out of action by a short circuit on the 
mains. The effect of such a short circuit would be to cause a serious drop 
in the KM.F. and this would lead to a corresponding drop of the current 
in the shunt winding ; that is to say, the tendency to prevent the heavy 
generating current from operating the cutouts would be reduced, whereas 
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Fio. S6. — Curve of compound wound catout. Shunt normally opposing eerieB. 

the series effect would be considerably strengthened by the heavy current 
due to the short circuit. 

Quite apart from this, it will be seen that, in the curve reproduced, the 
ratio of the motoring current to the generating current required to operate 
the cutout is only 1 to 3. Thnt is to suy, if the cutout is set to release 
with a reverse current of 150 lUupercH, it will also release with a forward 
current of 450 amperes. This ratio may be increased by raising the height 
of the curve BB, but if this is carried much higher the almnt winding alone 
will release the cutout. 

The ideal release for reverse current cutouts is one that is positive in its 
action in both directions ; that is to say, the pull tending to prevent the 
cutout from being released with a generating current should bo positive, 
and the pull tending to operate the cutout ou a reversal of current should 
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also be positive, and in an opposite direction. This double positive actioD 
can only be obtained by cutouts having & curve tliat crosses the horizontal 
zero line on a reversal of current. Such a curve is shown in fig. 87. It 
represents the charao tens tic of the differential shunt winding release illus- 
trated in fig. 95, and is practically the same shape on alternating or con- 
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tinuous current circuits. The author has endeavoured, in designing other 
types of cutouts, to obtain a characteristic curve approaching this one, but has 
never succeeded in obtaining quite such a perfect curve with any other type 
of release for continuous current cutouts. In fig. 67 curves AA and 1)H are 
coincident with the zero line — that is to say, the pull due to a current in 
either the aeries winding or in the shunt winding alone is nil ; but with a 
given current in the shunt winding the pull due to the current in the 
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series winding is represented by the curve CO. It will be seen that this 
pull is in one direction when the series winding is carrying a generat- 
ing current, and in the opposite direction when carrying a motoring 
current. Consequently, no amount of forward current will operate the 
cutout. On the other hand, should it fail to release at the reverse current 
for which it is set, the cutting-out pull will continue to increase in pro- 
portion to the reverse current. 

It is often stipulated in specifications for reverse current cutouts that 
the cutout must release with a reverse current of less than 10 per cent., 
or even less than 5 per cent. Now, although it is quite possible to construct 




Fio. 88. — Characteristic curve of shunt motor tyjie of release. 

cutouts to release at these very low currents, it can only be done at a 
considerable sacrifice in other directions. It is extremely dithcult to con- 
struct a simple, direct-acting, and positive torque release that can be relied 
upon to open a heavy current cutout with a reverse current of less than 
10 per cent, of the full load current, and also with a reverae current equal 
to, or 100 per cent, in excess of, the full load current, and that will under 
no conditions release with a generating current. 

The inherent difficulties of this problem must be apparent to anyone 
who considers the question. The series of the release coil must carry, 
without injurious heating, the full load current. It can therefore seldom 
be worked at a current density exceeding 2000 amperes per square inch, and 
if the cutout is required to operate at 5 per cent, of the full load current, 
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it must do so with a cutreot density in the series wiDding of less than 
100 am[>ere8 per square inch. Anyone who has experimented with an 
open solenoid at this low current density will have found that the magnetic 
forces available are exceedingly small, and quite inadequate for operating 
the release meclianisin of a large magnetic cutout. 

These small resultant forces may of course be used for operating a 
delicate relay, but unnecessary complications are introduced liy so doing ; 
added to which, the relay may operate and yet fall to close the local circuit, 
owing to bad contacts. 

It is difticult to understand why such delicate nettings are ever called 
for, unless it is with the idea that if a cutout will operate with a reverse 
current of, say, 10 per cent,, it will be doubly and trebly certain to do so 
s of 20 per cent, or 30 per cent. This supposition IS, 
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■e of Manchester dynamo ty[ie uf cutout.' 
The author has tested a number of different 
cutouts ' that operated perfectly i 



however, quite an error. 

types of positive torque cutouts ' that operated perfectly on reverse 
currents of 5 per cent, and 10 per cent., but that entirely failed to operate 
on reverse currents of 100 per cent, or 200 per cent It was found 00 
plotting the characteristic curves of these cutouts that some such results 
Bs are shown in fig. 8S were obtained. 

The behaviour through the whole range of conditions under which a 
reverse current cutout is usually tested was perfect ; but on carrying the 
reverse curreut reudtngB higher, it was found that the direction of the pull 
was again reversed, and that it became a holding-in pull, when a cutting- 
out pull was reqm'red. This is partly due to the fact that in many types 

' Since the above mrve van plotted it has been found possible to so modify the con- 
struction of this release as to make the ratio of che motoring pull to the generating pull 
gnater than 1000 to 1. 

'' Catoutx that have a pull in one direction with generating currents, and in the 
reverse direction with motoring curreala. 
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of cutout the ampere turoB in the aeries winding are apt to overpower 
and obliterate the effect of the ampere turns in the shunt winding, and 
consequently all Bense of direction is destroyed. 

It must be remembered that it is of far greater importance that cut- 
outs should operate uuder the very eicessire reverse currents that are 
liable to ooiiatantly occur in practice, than that they should merely show a 
good laboratory performance ; and it is probable that, if specifications were 
drafted to call for cutouts that would never release ou a forward current, 
would operate on a reverse current of 25 per cent., and that toould not /mi 
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to Operate on any reverse currml in excess of 25 per cent., troubles with this 
class of apparatus would be unheard of. 

It may be thought that a release coil constructed to influence an almost 
closed iron circuit would give lietter results with a low current density 
than an open solenoid, and to a certain extent this is true. The majority 
of nearly closed iron circuit-release devices are, however, particularly 
liable to possess characteristics similar to fig. 88, and cannot in consequence 
be relied upon to operate on a heavy reverse current. 

The author has recently designed a closed iron circuit release, the 
characteristic curve of which is reproduced in flg. 89. It will be seen that 
this device can be relied upon to give a powerful release pull with a 2fi 
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per ceut reverse current, and a steadily increasing pull for higher reverse 
currents. On the other hand, a forward current 200 per cent, or 300 per 
cent, in excess of the normal full load current will not operate the cutout. 

The construction of this device is shown in fig. 90 ; it resembles the 
field magnets of a Manchester type dynamo, the series winding being on 
one limb and the shunt winding on the other. In place of the armature, 
an iron plunger rests on an adjustable stop. Under normal conditions 
the series tod shunt windings both produce fluxes that tend to flow round 
the closed iron circuit in the direction shown by the full arrows. There 
is in consequence no appreciable tendency for the flux to leak across the 
gaps through the floating plunger. Should the current in the series 
winding be reversed relatively to that in the shunt, the resultant fluxes 
will oppose each other, as shown by the dotted arrows, and will in con- 
sequence be diverted through the plunger, which will thus be attracted up, 
striking the releasing catch a sharp blow. 



CHAPTEB V. 
ALTERNATING BEVEESE GUBJtENT DEVICES. 

The use of fuses between alternating current generators and 'bus bars — The need for 
automatic cutouts, or some device for indicating which generator is failing — The 
' Raworth * discriminating fuse — A simple series and shunt wound solenoid for 
operating discriminating cutouts — The disadvantages of this arrangement — The 
use of a double shunt wound solenoid for this purpose — A simple catch for con- 
trolling operating weight of cutout — Tiie necessity of adjusting induction of shunt 
circuit to meet all conditions— A closed iron magnetic release for reverse current 
cutouts— The use of a cutout release as a relay to close a local circuit tlirough a 
lamp to indicate failing generator — A simple indicating transformer for this purpose 
— The uselessness of attempting to protect duplicate mains by fuses — The attempt 
to use return current cutouts, and the use of a discriminating choking coil for this 
purpose — A method of automatically operating the switches at the distributing end 
of duplicate mains by a static relay — Other methods of automatically controlling 
these switches — The application of discriminating choking coils to polyphase 
duplicate transmission lines — Protection of multiple feeders. 

Thb. various reverse current cutouts referred to in the previous chapter 
have all been designed to deal with direct current circuits. It is, however, 
equally important to use some protective device of a similar description 
for the control of alternating current systems. 

The difficulty of obtaining a satisfactory device for this purpose has led 
engineers to use fuses or excess current cutouts in many positions where 
they are generally useless, and are often an unnecessary source of danger. 
For instance, where alternating current generators have been arranged to 
work in parallel, it has been usual to insert fuses between each of these 
generators and the 'bus bars they feed. The result of this has been that 
if one of, say, three generator8 connected in parallel has failed, the re- 
maining two generators have had to take up the load of the faulty one, 
and have in addition had to supply the current necessary to blow the 
faulty one's fuse ; consequently, they have invariably blown their own 
fuses, and the entire supply has been interrupted. The usual method of 
dealing with this difficulty has been to increase the carrying capacity of 
the fuses to such an extent as to ensure their never blowing. In other 
words, the fuses have been practically done away with ; but the very fact 
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that they were included in the original design of the board has of necessity 
added useless complication. 

If, as has been shown, a fuse cannot be relied upon to isolate a 
faulty generator from the remainder of the system, it does not appear 
that it can serve any useful purpose. It is certainly not necessary to 
prevent the generators from being overloaded by a short circuit in 
any other part of the system, as all alternating current generators 
now on the market will stand short circuiting for a short time without 
injury, and it is evident that the proper fuse to blow on a short 
circuit on any feeder is the fuse actually protecting the faulty feeder. 
Should one of the generator fuses blow before the feeder fuse, the fuses of 
the remaining generators, coupled up at the time, would immediately 
follow suit, and consequently the total supply would be interrupted, and 
there would be nothing to indicate which feeder was faulty.^ That the 
uselessness of fuses in this position is beginning to be recognised is evident 
from the following extract from Mr Clothier's paper on "High-Tension 
Switchgears."2 Mr Clothier says in the conclusion of his paper : — 

"There is no doubt that it is the best practice to supply fuses with 
duplicate contacts to each phase on the feeder panels. But for the 
generators the conditions are different ; with two or three alterna- 
tors running in parallel, fuses have sometimes given trouble by 
opening the circuit of all the machines when a fault has occurred on 
one only. Beverse current automatic switches have been made to 
meet this objection, but complications are involved thereby, which 
introduce an element of uncertainty in action under emergencies. 
Another way of dealing with the question is to have no fuses or 
automatic devices on the generators. Modern alternators will 
stand a short for a few minutes, or at least for sufficient time to 
blow the feeder fuse, if the fault is on the mains, or if the fault is 
on the generator, to enable the attendant to isolate the defect/' 
And in the reply to the discussion on the paper referred to, Mr Clothier 
adds : — 

" Fuses are indispensable on high-tension feeders, but on modern machines 

they can be avoided ; for the large alternating current generators 

in particular it is feasible to do without either fuses or any other 

automatic device." 

It is true that, in a generating station where the switchgear is always 

under the immediate control of an attendant, automatic cutouts would 

^ Since the above was written, many authors of papers read in this country, on 
the Continent, and in the United States have condemned the use of fuses on generator 
circuits, and have recommended the use of reverse current circuit-breakers or of current 
direction indicators. 

' Proe, Inst. Elect. EngineerSf vol. xxxL p. 162. 
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not be so necessary if there were anything to indicate to the attendant 
which switch to open iu the event of one of the generators failing. In 
some direct-current stations the switchboards are equipped with central 
zero ammeters, and these serve to indicate which generator is failing, but 
in alternating-current systems, if an alternator fails, due, for instance, to a 
faulty connection in the field circuit, the failing machine short circuits the 
other generators running at the time, and the ammeters of all the generators 
in use immediately go over to their maximum reading ; the attendant 
has therefore absolutely nothing to guide him as to which machine he is 
to switch out, and he is consequently liable to switch out a sound 
generator instead of the faulty one. If some indicating device correspond- 
ing to the central zero ammeter used in connection with direct-current 
systems were used for alternating-current work, the necessity of using an 
automatic cutout in circuit with the main generators would not be so 
apparent. Indicating devices for this purpose arc referred to later in this 
chapter. 

If an automatic device of any description is used, it appears that an 
apparatus is required that will on no account cut off a generator so long as 
it is supplying current to the 'bus bars, but will immediately disconnect 
any generator which fails to maintain its supply, and becomes instead a 
load on the rest of the system. 

It is evidently incorrect to term a device used for this purpose in 
connection with alternating-current systems a return current or reverse 
ourrent device, as the current under normal conditions has its direction 
reversed twice during every complete period. In an early paper by the 
author ^ on this subject, the word ' discriminating ' was used to denote 
a cutout or other piece of apparatus that was capable of discriminating 
between a generating or motoring alternating current, and as no better 
word has been suggested it is adopted here. 

Mr J. S. Raworth appears to have been the first engineer to take any 
practical steps towards overcoming the difficulties referred to above. In 
1892 he invented the very ingenious discriminating fuse shown in fig. 91. 
The fusible conductor F is shunted by a switch S, and the secondary wind- 
ing of a small transformer T^. The switch is normally held in a closed 
position by the fuse, and the melting of the fuse allows the switch to open. 
The primary winding T^ of this transformer is connected directly across 
the main 'bus bars, and it is so coupled up that the KM.F. of its secondary 
winding is normally in such a direction as to tend to prevent the main current 
flowing through the fuse. For instance, during one half period the flow 
of current throughout the whole system will be in the direction indicated 
by the arrow-heads, and during the following half period it will be in 
the opposite direction. Now let it be supposed that the generator G 

^ Proc* Inst. Elect, Engineers^ vol. xxvii p. 490. 
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snddenlj fails to maintun its supply. Current will then flow into it from 
the 'bus bftrs^that is to say, in the opposite direction to that indicated 
by the arrow-heads. The direction of the flow of current into the trans- 
former will, however, bo unafTected, and as a consequence the E.M.F. of 
the secondary winding of the transformer wilt be in the direction shown 
by the arrow ; that is to say, its tendency will be to cause the current to 
avoid the path through the secondary winding and switch, and to flow 
instead through the fuse. 
The effect of this should 
be to melt the fuse at 
once and allow the switch 
■ to open and completely 
break the circuit. 

The device referred 
to above appeared at 
first sight to be so simple 
that there seemed no 
doubt that the difficulty 
had been solved. It 
was found, however, on 
putting the apparatus 
into practice, that the 
solution was uot so easily 
attained. 

One of the difficulties 
that arose may be briefly 
indicated. It is evident 
that when there ia no 
current flowing from the 
generator to the 'bus 
bars there will still be 
a certain amount of 
current flowing round 
the closed secondary cir- 
cuit of the small trans- 
former, and consequently through the fuse. This fuse must, therefore, be 
stout enough to carry this current without excessive heating, and, as a 
consequence, a very heavy motoring current is required to blow the fuse 
in the event of the generator failing. A number of experiments were 
made to endeavour to overcome this and other difficulties, but without 
success, and therefore the device was finally abandoned. 

About this time it occurred to the author that the problem might be 
solved magnetically by means of a compound wound device, depending 
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for its action upon a displacement of phase between the series and shunt 
windings. 

Let the current curve I, fig. 92, represent the variations of the current 
during each period in the series winding, and let the £.M.F. curve £ 
represent the variations of the current in the shunt winding, and let the 
dotted curve W represent the work done by the combined currents in the 
series and shunt windings. So long as the two curves are in phase with 
each other, as they will be when the dynamo controlled is acting as a 




Fiu. 92. — Curves illustrating theory of magnetically oi)erated discriminating cutout. 

generator, the work done will be entirely positive, and may obviously be 
applied to hold a catch controlling an automatic cutout in its closed 
position. Should, however, the generator fail, the current in the series 
winding will tend to drop approximately 180 degrees out of phase with the 
E.M.F. or current in the shunt winding. The work done by these com- 
bined magnetic forces will now be entirely negative, or in the opposite 
direction, as shown in fig. 93. This force may now be applied to move the 
catch referred to above in an opposite direction ; e.^., it may now be made 
to release the catch, thus allowing the cutout to open and disconnect the 
faulty generator. 
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The application of the original idea appeared at first sight to be a very 
simple matter ; but a full account of the difficulties that have had to be 
overcome would of itself fill a good-sized volume. A brief description of 
some of the most troublesome may, however, be of interest. 

The first practical application that was tried is shown in fig. 94. This 
consists of a solenoid wound with a thick winding, which is connected in 
series with the leadtt between the generator and the main 'bus bars, and a 
shunt winding connected across the secondary winding of a small trans- 




Firi. 93. — CurveB showing reversed pull due to series current 
being out of phase with E.M. F. 

former, the primary of which is across the main ^bus bars. The direction 
of the current throughout the whole system will, under normal conditions, 
for one half period be in the direction shown by the arrow-heads ; whereas 
during the following half period the direction will be reversed in both the 
scries and shunt windings. That is to say, in each case the current in the 
series winding will be opposed by the current in the shunt winding, and 
there will therefore be little or no magnetic attraction upon the core C. 
This will consequently tend by gravity to keep the catch controlling the 
switch in its closed position. Should, however, the generator controlled 
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by this cutout fail, the direction of the current in the series winding will 
be reversed relatively to the direction of the current in the shunt wind- 
ing, since the latter will be unaffected by the failure of any generator; 
consequently the two currents will combine to produce a magnetic field in 
the same direction, the core will be lifted and the catch released, thus 
allowing the switch to open and cut off the faulty generator. The 
tendency of the shunt current under normal conditions is to counteract the 




Fig. 94. —A simple magnetically o^jerated discriminating cutout release. 

effect of the series current for any load within reasonable limits, for as the 
series current increases, the self-induction of the shunt current is counter- 
acted, and this consequently tends to increase almost in the same proportion. 
It was found, however, that when a short circuit occurred on the mains 
the current in the series winding increased to such an extent that the 
current in the shunt winding was quite unable to counteract its effect, and 
all the generators were cut out of circuit, so that the protection was little, 
if any, better than could be obtained by fuses. This device was therefore 
also abandoned. 
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The difficulty referred to above was ultimately overcome by a differential 
shunt winding, aa shown in fig. 95. It will be seen that the arrangement 
here is exactly similar to that shown in fig. 94, except that the bottom half 
of the shunt winding is wound in a reverse direction to the top half, and 
the normal position of the core is in the centre of the coil. It will be evident 
that a heavy current in the series winding alone will have a tendency to 
pull the core into the centre of the coll ; hut this is its normal position, 




Fio. B5.— An improved discriminsting relesae. 
consequently it will not be moved. On the other hand, while the result 
of the current flowing through the top half of the shunt winding is to pull 
the core up, that of the current in the bottom half is to pull it down, and 
these two forces being exactly counterbalanced, there will be no movement 
due to the shunt winding alone. When, however, a heavy generating 
current is flowing through the aeries winding, with the shunt winding 
connectod up as shown, the effect of this current will be to assist the shunt 
winding in the bottom half of the coil and to oppose it in the top half. The 
result will be that the field below the centre of the coil is strengthened, 
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while that above the centre is weakened 7 the core is therefore pulled 
dowu, and its tendency is to lock the catch holding the switch in a closed 
position. 

Should the generator fail, the current in the series winding will be 
reversed relatively to that in the shunt winding, the field above the centre of 
the coil will in consequence be strengthened, and that below the centre will be 
weakened. The core will, therefore, be pulled up and the switch released. 

This latter device has bepn in continuous use for the past eight 
years, and its behaviour has proved it to be absolutely reliable under all 
conditions. 

A device of this description, to afford the best protection, should operate 
with a moderately small motoring current, as it will not then throw so 
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Fig. 96. — A simple and reliable catoh. 

heavy a strain upon the remaining generators. The operating current 
should certainly not exceed 25 per cent, of the normal maximum generating 
current. This means that the magnetic pull is very slight, and con- 
sequently it becomes necessary to use the device referred to above as a 
relay to close a local operating circuit, or to employ a very sensitive catch. 
Both systems have their advantages. If, however, a catch alone is used, it 
is necessary to so construct it that, in addition to being sensitive, it shall 
under no conditions operate unless the core attached to it is pulled up. 
Fig. 96 shows an arrangement that has been found to be quite reliable in 
this respect. It consists, as will be seen, of two small levers. The pressure 
of the weight W on the lever L^ tends to move this lever into the dotted 
position shown. This movement is, however, prevented by a catch 
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on a second lever L^. The relative position of the two levers is such 
that the arc described by the movement of the pin at the tail end of the 
lever 1} exactly cuts the fulcrum of the lever L^. The consequence is^ no 
amount of increased pressure on the weight W will tend to move the core 
C up or down. It will be evident that, if the fulcrum of the second lever 
was set a little to the right of its correct position, the pressure due to the 




Fio. 97. ~ Curves showing equal cutting-out and holding-in pulls due to a 

phase displacement of 90*. 

weight W would tend to lift the core, and consequently the catch 
would be liable to be released by vibration. If, on the other hand, it was 
set too much to the left, it would tend to pull the core down, and this pull 
would have to be overcome by the magnetic attraction of the solenoid 
before the switch was released, and consequently the cutout would require 
a much bigger return current to operate it. 

It has been mentioned above that the device illustrated in fig. 96 has 
never been known to fail to operate when the current in the series winding 
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dropped approximately 180 degrees out of phase with the current in the 
shunt winding. Conditions have, however, been met with in which this 
phase displacement does not take place when a generator fails. It has 
been found, for instance, that the phase displacement on opening the field 
circuit of a generator is totally different from the displacement that 
occurs when the engine or other prime mover fails, and the exciting current 
of the generator is maintained normal. Experience has shown that a coil 
woimd to give the best results under the latter conditions absolutely fails 
to operate when the field circuit is broken. This failure is due to the fact 
that the two currents are only approximately 90 degrees out of phase with 
each other, and as a consequence the effect obtained is practically that 
shown in fig. 97. It will be seen that the pull is alternately and equally 




Fig. 98. — Shunt wound motor type of cutout release. 

positive and negative, and consequently the tendency to move the 
plunger is eliminated during each alternate half period. This difficulty 
has been overcome by inserting sufficient inductive resistance in the shunt 
circuit to give the best results under either of the conditions met with. 
The device has been of necessity rendered less sensitive than when adjusted 
for either one of the conditions mentioned, but no difficulty has been 
experienced in getting a point at which it could be relied upon to operate 
under either of the conditions. 

Although the solenoidal type of release referred to above has always 
been found reliable, it was considered somewhat cumbersome, and was not 
an ideal shape to apply to some types of magnetic cutouts. It was felt 
that a smaller and neater device to serve the same purpose might be 
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obbiiaed hy using a practioallj closed magaetic circuit. Such an arrange- 
ment is Bboivn diagrammatioallj in tig. 98. It will be seen that this is to 
all inteiitii and purposes a shunt wound motor. When the current in the 
serias winding is in phase with the current in the sliunt winding, the 
armature tends to turn in one direction against a stop. The torque in 
this direction is arranged to securely lock the switcli in the closed position, 
and it will be obvious that the heavier the generating curreut the more 
Bocurel; will the switch be locked. When the current in the series winding 
drops sufficiently out of phase with the current in the shunt winding, the 
armature rotates in the opposite direc- 
tion, and so releases the catch support- 
ing the concrolling weight of the switch. 
A number of cutouts have been made 
to operate on this prinoiple, particularly 
for use with direct currents. The cutout 
illustrated in fig. 99 is controlled by a 
release of the type illustrated in fig. 98. 
One drawback to the arrangement has 
been the necessity of using brushes and 
collector rings, or flexible connections to 
conduct the enrrent to the shunt wind- 
ing on the armature. Although this 
was not a serious defect, it was con- 
sidered that connections of this sort 
should be avoided if possible, and 
consequently attention was turned to 
designing a i^lease gear having both 
series and shunt windings stationary. 

A sectional view of a device of this 
description is shown in fig. 100, and 
fig. 101 gives a perspective view of the 
various parts unassembled. It will be 
seen that the series winding consists of 
a simple casting- This is surrounded 
by three pieces ot sheet-iron formed into ^ 
channels, which serve as the field magnet. 
The armature consists of two similar 

pieces of channel iron, and the shunt winding surrounds one leg of this, 
but is not mounted directly on the iron, so that the armatDre is free to 
move, whilst the shunt winding is stationary, Wlien the current in the 
aeries winding is in phase with the curreut in the shunt winding, the 
polarity of the various poles will be as indicated by the letters N and S, 
and consequently there will be a combined torque, due to the attraction and 
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repulBion of the varioua poles, in a direction tending to lock the catch hold- 
ing the svitcb in its closed position. Upon reversal of the current in the 
aeries winding relatively to that in the shunt winding the polarity of the 
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Via, 100.— Section of mulbplt 



field will be reversed relatively to that of the armature, and consequently 
the armature will be attracted lu the opposite direction, and will thus 
release the catoh supporting tlie neJgbt of the cutout Precisely the 
same device may be used for direct or alternating currents, and it is 




Flu. lOI, — Uiiusembled parts of multiple pule release fur discriininatilig cutouts. 

exceedingly powerful for its size. A number of cutouts of this type have 
been made to operate with a direct current of less than 30 amperes in 
the series winding, and as the latter consists of only one and a half turns, 
this means leas than 46 ampere turns. 
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A somewhat similar device to that shown in fig. 100 is illustrated 
diagrammatically in fig. 102, and in perspective in fig. 103, used as a dis- 
criminating relay. A swinging iron armature A is hung from a fulcrum B. 
This is magnetised by a shunt winding C. The free ends of the armature, 
bent in the form of an anchor, are surrounded by the series winding. So 
long as the series current is in phase with the shunt current, the armature 
is pulled against the stop F^ Should the series current be reversed 
relatively to the shunt current, the armature will be attracted towards, and 
will make connection with, the contact F^, thus completing the local 




Fio. 102. — Diagram of discriminating reUy. 

circuit through the battery G, and release winding of the cutout H. This 
relay may also be used on direct or alternating current circuits. 

Reference has been made to the use of discriminating cutouts for 
alternating current primary generators only. It is evident^ however, that 
similar remarks re the uselessuess of fuses apply to an equal extent to 
secondary generators or transformers. What alternating current engineer 
has not suffered the experience of a complete interruption to the supply 
due to a short-circuited transformer in a sub-station blowing the fuses of 
all the other transformers coupled in parallel with it ? 

In the United States this difficulty has been thoroughly appreciated, 
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aad the various recommendatioQS' contained in the author's I. RE. paper 
on " The Prevention of Interruptions to Electricity Supply " ' have been 
generally adopted. That is to say, discriminating cutouts are used instead 
of excess current cutouts where generators or transrormers are coupled in 
parallel to feed commoo 'bus bars. 

In connection with the generators at the Metropolitan Street Railway 
Company's station at 96th Street, New York, no automatic cutouts of any 
descrijition are used for directly controlling the main geoeratorB, but a 
discriminating cutout relay is placed in series with ench generator, and 
this is connected up to close a local lamp circuit, which serves to indicate 




Fio. 1D3.— A simple discriminating relay. 

to the switchboard attendant which generator has failed, the indicating 
lamps being placed in close proximity to the operating lever of the switcli 
controlling that particular generator. This appears to be a very reason- 
able modification of the original system proposed, for dealing with cases 
where satisfactory hand operated switchgear is in use, and it is not felt 
deiirable to face the radical alterations that would be entailed in modifying 
such switchgear to be operated automatically. 

The discriminating indicating device used by the Metr<)politan Street 
Railway Co, appears, however, to be an unnecessarily complicated 
arrangement ; added to which, it gives no positive indication under normal 
' Proc, /n»(. Elect. Engimers, vol. iivii. 
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oondJtioQB. This may mean that, on the very rare occasioDS wheu the 
fftilure of a generator should cause it to act, it may be out of working order. 
It appears that the device, to be satisfactory, should bo provided with two 
Umps — one l«ing red and the other green. So long na the generators are 
all working properly, the green lamp only should be incandesced. Should 
a generator fail, the current direction indicator connected In eeries with that 
particular machine should extinguish its green light and show a red light. 

The author has recently designed a device that effects this object in a 
very simple manner and without any moving parte. This device consists 
of a small transformer provided with two secondary windings, a red and 
a green lamp being connected respectively 
across the tercninata of these. The c 
neotions of this transformer are illustrated 
in fig. 104. It will be seen that, in addition 
to the winding D in series with the generator, 
a second primary winding which is connected 
across the main 'bus bars, or across any low- 
tension circuit supplied from these 'bus bars, 
ia wound upon the outer limb of this trans- 
former. The effect of this shunt winding is 
to cause a flux to circulate in the transformer 
in the direction shown by the thin arrows, 
and the fiux due to the series winding in 
that shown by the thick arrows. Under 
normal conditions these two fluxes oppose 
each other in the magnetio circuit enclosed 
by the secondary winding connected to the 
red lamp, and aJisist each other through the 
secondary winding connected to the green 
lamp ; consequently the green lamp is 
lighted and the red lamp extinguished. 
Should the generator fail, the direction of 
the flux due to the series winding relatively 

to that due to the shunt winding will be reversed, and consequently 
the green lamp will be extinguished and the red lamp lighted. 

Fig. 105 shows one of these current direction indicators fitted into the 
pot provided with tongues to tit into the fuse contacts of a Ferranti 
switchboard. This forms a simple arrangement in cases where fuses are 
not required in the generator panels. 

Another modification of this device is shown in fig, 106. Thia trans- 
former requires no series winding; the conductor carrying the aeries 
current is merely threaded through the micanite tube in the manner 
shown. 
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The secondary windingt of the diacriminating transfonner referred to 
above may obTiously be used to excite any differential device for operating 
an automatic cutout. 

A device editable for thie purpose is shown in fig. 107. This, it will be 
seen, consists of a double wound coil, the two windings of which may be 
connected respectively across the two secondary windings of the discrimi- 
nating transformer. An iron core or plunger rests on a stop in a position 
midway between the two coils. The connections are so arranged that 
when the series winding of the discriminating transformer is carrying a 
generating current the magnetic field in the lower winding of the double 
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wound coil will be more powerful than the field in the upper winding. 
Upon the current in the series winding of the transformer becoming 
reversed relatively to the shunt winding, the field in the upper winding 
will be strengthened, whereas that of the lower will be weakened. This 
will lift the core off its atop, and upon rising it will hit the end of the catoh 
a smart blow, and so release tlie cutout. 

A further application of discriminating cutouts, which has been taken 
up fairly extensively in the States, and in connection with three or four 
undertakings in this country, is that of using such cutouts for the 
protection of duplicate feeders. 

It is well known that where feeders are coupled up iu parallel to feed a 
Q distributing centre, it is useless to attempt to protect tbem with 
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fuses, as shown in fig. 108, with the idea that, in the event of a fault 
occurring on either feeder, the fuses at both ends of the faulty feeder will 
be blown, and the supply maintained thruugb the remaining feeder. 
Should a ehort circuit occur at Ej, the fuse at F, will undoubtedly be 
blown first. The current will then be fed to the short through the fuses 
Fj, Fg, and F^ ; but it is obvious that fuses F, and F, will have to carry the 




current necessary to blow the fuse F„ in addition to any load that may be 
on at the time. The result is, one of the fuses on the sound feeder is 
certain to be blown before the fuse on the distributing end of the faul^ 
feeder, and consequently the entire supply to this distributing centre 
will be interrupted. 

It occurred to the author some years ago that this difficulty might be 
overcome by using discriminatiD)^ cutouts in plaoe of the fuses F, and F,. 
It is evident that under normal conditions the current in the series 
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windings of both cutouts will be approximately in phase with the E.M.F., 
and consequently the torque of the releasing device of each cutout will tend 
to maintain the cutout in its closed position. Should, however, a short 
circuit occur on either feeder, the current in the series winding of the cut- 
out controlling that feeder will drop approximately 180 degrees behind 
the current in the shunt winding, but there will be no serious displacement 
of phase in the current through the cutout controlling the sound feeder. 
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Fio. lOS.^Diagram illustrating uselessness of Fio. 109. — Choking coil protection 
attempting to protect duplicate feeders with fuses. of duplicate feeders. 

As a consequence the cutout on the faulty feeder will operate, and so dis- 
connect the fault from the system at the distributing end. 

It was found, in attempting to carry out this idea, that an apparently 
insurmountable difficulty had to be dealt with, which did not arise in the 
use of these cutouts for the control of primary or secondary generators. 
If a low-resistance fault occurs in either feeder, the drop of pressure due to 
the current in the other feeder becomes so great as to render the action of 
the discriminating cutout cm the faulty feeder unreliable. This difficulty 
is particularly noticeable when generators with a big armature drop are used. 

In consequence of the above, the author has recently abandoned the use 
of discriminating cutouts for the protection of single phase alternating 
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current duplicate feeders, and has adopted instead a totally different device, 
the operation of which is entirely unaffected by any drop of pressure due 
to C^R losses. 

The most important factor in this protective arrangement is a dis- 
criminating choking coil — that is to say, a choking coil which has no re- 
active effect under normal conditions, but, in the event of either feeder 
breaking down, becomes a highly inductive resistance between the faulty 
main and the sound one, and thus prevents an excessive current passing 
from one to the other. The scheme is shown diagrammatically in fig. 109. 
It will be seen that the arrangement of feeders is similar to that shown in 
fig. 108— that is to say, duplicate feeders are coupled in parallel at the 
generating station end, and at the distributing end. At the latter point, 
however, a choking coil is connected between the two feeders, and the 
supply to the distributing point is taken off from the centre of this coil. 
It will be obvious that under normal conditions the load will be divided 
equally between the two feeders, and consequently the iron in the 
choking coil will tend to be magnetised in one direction by the current 
from the one feeder, and in the opposite direction by the current from 
the other feeder. The result will be, the two halves of the choking 
coil will exactly neutralise each other, and there will be no inductive 
drop due to the reaction of this coil. The only drop will be that 
due to the C^R losses in the windings, which can be kept very small. 
Should a short circuit occur between either one of the feeders and earth, 
say at E^, the fuse F^ will be blown, t.e. that fuse directly between the 
fault and the generating station. Current will then tend to return to the 
short circuit from the other feeder, ma the discriminating choking coil ; 
but the whole of this current will magnetise the coil in one direction, and 
there will be no demagnetising effect. Consequently, the choking coil 
will become a highly inductive resistance, and will prevent an excessive 
current passing to the short circuit. 

In cases where the distributing centre is in charge of an attendant, the 
only apparatus necessary, in addition to the choking coil, is a switch on 
each feeder and a pressure-indicating device. If a short circuit occurs on 
either feeder, the indicator connected to it will fall to zero, whereas the 
indicator on the sound feeder will remain normal. The attendant will, 
therefore, merely have to switch off the faulty feeder. 

One very important feature in connection with this device is that the 
switches at the distributing ends of the feeders under no conditions have to 
break a heavy current, added to which, the sound feeder is never required 
to carry the heavy short circuit current due to a fault on its neighbour. 
The result is, the risk of a failure on one feeder causing a break-down on 
the other, as often occurs in cases where feeders are coupled in parallel in 
the ordinary way, is entirely prevented. The extent to which the current 
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to the short circuit is choked down will, of course, depend entirely upon 
the size of the choking coil. This, however, need not be large, as it has 
been found that a coil occupying the space of a 6 kilo-watt transformer, 
when wound with a conductor large enough to feed a 100 kilo- watt 
2000 volt sub-station, will, at a periodicity of 100/^', choke down the 
current due to a short circuit on either of the feeders to about 3 amperes. 

The experiment has been tried of short-circuiting the feeder E^ fig. 109, 
when Fj was fused to carry 150 amperes, and Fj to carry only 10 
amperes, and it has been found that, although the current through the 
short circuit has been sufficiently heavy to immediately blow F^, the 
choking coil has prevented sufficient current from flowing back to the 
fault, via the sound feeder, to blow the very small fuse F^. 

It will appear, on reference to fig. 109, that when the faulty feeder is 
disconnected from the choking coil the whole of the current to the 
sub-station will be fed through one half of the coil only, and as this is 
unbalanced by a current in the opposite direction, it is necessary to either 
short circuit the coil or to divert half of the current from the sound feeder 
through the opposite side of the choking coil. This may be done by an 
independent short-circuiting switch, or by means of cross connections to 
the switches between the feeders and the choking coil, as indicated in fig. 
110. The latter arrangement has the advantage that everything is done 
by the one operation of opening the switch on the faulty feeder. If, for 
instance, a fault occurs at L^, the fuse F^ will be blown, and the supply will 
be continued through feeder £ only, and one half of the coil. If the 
switch S^ is now thrown over to the contact connected to B, the current 
from B will divide between the two halves of the choking coil, and this will 
again become non-inductive. 

In cases where it is desired to effect the switching operation, referred to 
above, automatically instead of by an attendant, it may be done in various 
ways. One of the earliest methods is shown diagrammatically in fig. 111. 
A differential static voltmeter V is connected between the feeders A and 
B. This voltmeter has a central swinging disc, which is earthed. This 
swinging disc normally hangs midway between two outer plates, which are 
respectively connected to the mains A and B by way of the primary coils 
of two small transformers T^ and T''^. The secondaries of these trans- 
formers are made for a low pressure, each secondary being short circuited by 
a copper fuse wire which normally holds up a switch in the manner shown in 
the diagram. So long as the conditions are normal, the middle disc of the 
voltmeter V hangs clear of the two outer plates ; should, however, one of 
the mains, say A, become short circuited, the attraction between the 
movable disc and the two outer discs will become unbalanced, and con- 
sequently the feeder B will be connected to earth through the voltmeter 
by way of the primary of the transformer T^. A very small current is 
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thuB sent through the primary of "P, which induces a very much latter 
current in the secondary of T-, melts the fuse, and allows the switch S* to 
throw over to D^, cutting ofE the main A at the sub-station end, and at 
the same time connecting this aide of the choking coil to the sound main. 
The faulty main will also have been cut off at the generating station end 
by its fuse F*. 

The action already referred to with reference to 6g. 110 has also taken 
place in this case as regards the action of the equaliser in introducing a 




Fio. 112.— Another method of controlling duplicate feeder cutouts. 

choking coil to prevent the interference with the fuse of the souud main 
B, as well as to prevent interruption of the supply to the load. 

Although perfectly satii^factory results were obtained with the electro- 
static device referred to above, it appeared too delicate a piece of apparatus 
for controlling switches that might in some caaea be handling hundreds 
of horsepower. It was in conKcquence abandoned, and an attempt was 
made to operate the switches with a simple inductive device having 
no moving parts. This device is illustrated diagrammattcally in figs. 112 
and 113. 

Two small transformers are connected up, as shown in the diagram, 
between the two high-tension feeders, the contacts A and B being cross- 
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(xnineoted to the feeders on the opposite sida Under normal coaditiona 
the currsDt id these windings will flow in the direction shown by the 
arrow-beads; and thJa magnetising force will tend to cause a flux to 
circulate round the outer limbs of the transfonuer«. There will obviously 
be no tendency for the flux to flow through the centre limb of the trans- 
former, upon which the secondary winding connected across the cop)>er fuse- 
wire supporting the weighted switch is wouud. Should, however, one of 
the feeders break down, the two small transformers will he fed from the 




Via. 118. — Disgnm illustnting how currant u induced in the seoondaiy of a Inns- 
former controlliDg a faulty feeder. 

remaining sound main only, and the direction of the current and resulting 
flux will be as shown in fig. 113. It will be seen that the flux in the 
transformer controlling the switch on the sound main remains as before, 
but in the other transformer the flux is diverted through the centre 
limb, and a heavy current is induced in the copper fuse supporting 
the weighted switch on the faulty main, thus causing this to open and 
instantly disconnect the fault, leaving the supply maintained at nonnal 
pressure through the healthy main. It will be obvious that under normal 
conditions the fuse has to cany no current, and consequently there is not 
the slightest risk of it« deteriorating. 

For eontrolling small switohes this transformer release appeared to be 
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all that could be desired, but on attempting to apply the principle to the 
control of large heavy-current switches, magnetic leakage troubles crept in, 
and were apparently insurmountable. 

The device finally adopted for the automatic control of these switches 
is very similar to the relay illustrated in figs. 102 and 103. The shunt 
winding C, fig. 102, of this apparatus is connected to any L.T. source of supply 
fed by the feeders to be protected ; and the series windings are replaced by 
fine wires connected between the duplicate feeders. Under normal conditions 

there will be no difference of 
potential between these feeders, 
and consequently the armature 
A is only influenced by gravity; 
it hangs, therefore, in a central 
position between the contact 
studs Fi F2. Should either 
feeder fail, current will flow 
from the sound to the faulty 
feeder through the coils be- 
tween the feeders, and this will 
cause the armature to be de- 
flected to the left or right, 
according to which feeder 
fails, thus completing the 
circuit through contacts F^ 
or F^, and releasing the switch 
controlling the faulty feeder. 

Fig. 114 shows an applica- 
tion of discriminating choking 
coils for protecting three-phase 
duplicate feeders. 

Protection of any number 
of Duplicate Feeders by Dis- 
crimiTiating Choking Coils. — 
In cases where the number of 
feeders connected in parallel 







Fig. 114. — Discriminating choking coils for 
three-phase feeders. 



is an uneven one, the discriminating choking coil previously described 
cannot be used, as it is impossible to obtain a balance in the two 
halves of the coil. Mr Leonard Wilson, of the Stanley Manufacturing 
Co., U.S.A., has suggested a modified arrangement of discriminating 
choking coils which appears to meet this difficulty. This arrangement is 
illustrated in figs. 115 and 116. 

Under normal conditions the current supplied to the 'bus bar A, fig. 115, 
at the distributing centre will be divided equally between the three or 
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more feeders and the windings of the choking coils a^, a^, and a^. From 
A it will be conducted in series through the windings b^, b\ and b^, and 
will therefore always equal the sum of the currents in the windings a^, a-, 
and a^. The ratio of the turns in the b windings to the turns in the 
a windings is always as 1 to the number of transformers. It will be 
evident, therefore, that under normal conditions the choking coils will be 
non-inductive. 

Now, should feeder 3, fig. 116, go to earth at E, it will blow fuse F^, 
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Fio. 115. — Method of protecting multiple feeders by 
discriminating choking coils. 

and this feeder will fall to earth potential. Assuming the normal pressure 
to be 10,000 volts, the feeders 1 and 2 will be maintained at this potential, 
and these feeders will supply current through the choking coil windings 
a} and a- in parallel, and through a^ in series with a^ and a^. The drop 
of pressure across a^ will therefore be double the difference of potential 
across a^ and d^. But the current in the windings a^ and a^ will induce 
an E.M.F. in the windings 6^ and b"^, and this induced E.M.F. will in the 
case illustrated be equal to one-third of the drop of pressure across a} or a^, 
and will be in such a direction as to increase the pressure of supply. The 
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current in winding a^ will also induce an KM.F. in the winding 6*, and as 
this induced KM.F. is always equal and opposite to the sum of the E.M.F.'8 
induced in h^ and 6^, the potential of the 'bus bar B will under all conditions 
be equal to the potential of the 'bus bar A. The drop of potential across 
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Fig. 116. — Method of protecting multiple feeders by 
discriminating choking coils. 

the supply when one of the feeders is short circuited will in all cases 
depend upon the number of feeders and choking coils connected in parallel. 
Thus for three it will be 33 3 per cent. ; for five, 20 per cent ; and for ten, 
9 per cent. 

Arrangements may of course be provided for automatically switching 
off the faulty feeder, as in the case of simple duplicate feeders. 



CHAPTER VI. 

ABSANOEMENT OF 'BUS BABS AND APFABATUS FOB 

FABALLEL BIJNNINO. 

Obsolete system of running 8e|)arate generators on separate feeders — Various methods 
of duplicating *bus bars — Requirements to be fulfilled in duplicating *bus bars — 
Examples of methods of duplicating or sectionising *bus bars : ' Niagara/ 
'Bertram/ * Metropolitan Street Railway Company, New York/ and ' Hastings' — 
Paralleling devices — A crude and simple synchroniser — Ordinary synchroniser- 
Methods of connecting up synchronisers — Method of testing synchroniser con- 
nections — Rotary synchronisers : ' Ferranti ' painted field magnets, ' Lincoln ' 
and ' Edgcumbe ' rotating pointers, ' Schuckert ' rotating lamp, and another 
rotating lamp device — Aids to parallel running : Artificial load, choking coils, 
and automatic cutouts, all unnecessary for modem generators. 

Whin the output of a generatiug station becomes greater than can be 
carried by one generator, it is necessary to provide means for throwing part 
of the load upon the other generators. At one time it was customary in 
many alternating current stations to divide the load up into sections, sup- 
plying the different sections from independent generators. This system 
InYolved a momentary interruption of the supply every time a section was 
switched over from one generator to another. The arrangement was also 
very inefficient, as it often entailed the necessity of running a number of 
generators for several hours each night partially loaded, and as a conse- 
quence the plant load factor was usually extremely low. 

The difficulties of running alternators in parallel have now, however, 
been entirely overcome in practically all types of alternating current 
generators, and consequently the practice of running separate genera- 
tors on separate feeders or groups of feeders has become practically 
obsolete. It is now the universal practice to run both generators and 
feeders in parallel For this purpose the generators and feeders are 
connected to conducting bars, or 'bus bars. 

The simplest arrangement of 'bus bars is that shown in fig. I. 

In most systems some arrangement of duplicate 'bus bars is provided. 

Some engineers contend that this duplication of 'bus bars is unnecessary, 
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and the construction and appearance of a switchboard are undoubtedly 
simplified by the use of one set of bars. 

Simplicity in working should not, however, be sacrified in order to 
attain simplicity in construction, and the author has found from conver- 
sation with other engineers, and from personal experience, that in actual 
practice cases are constantly arising where the provision of duplicate bars, or 
some means of dividing the system into sections, lias proved most valuable. 

In making arrangements for duplicating 'bus bars the following points 
should be considered : — 

(a) It should be possible to isolate any section of the switchgear con- 
trolling a feeder or generator without interfering with the continuity of 
the supply. 

(b) It should be possible to run any feeder which may be considered 
weak and liable to break down on a generator not connected in parallel 
with the remaining working generators. 

(c) In the event of a serious break-down necessitating a complete shut- 
down, it should be possible to start up different machines on different 
independent sections of feeders. 

{d) It may be convenient when running on full load to connect the long 
feeders supplying outside districts to a section of the 'bus bars maintained 
at a somewhat higher potential than the 'bus bars to which short feeders 
are connected. 

(c) Where very heavy currents have to be dealt with, the feeders 
should be connected alternately with the generators at points along the 
whole length of the 'bus bars, for to connect all the feeding points at one 
end and all the generators at the other would necessitate the sectional 
area of the 'bus bars being sufl&ciently heavy to carry the whole of the 
current. 

(/) It is in some cases desirable that main ammeters and wattmeters 
should be connected in some portion of the 'bus bars to record the 
aggregate output of the generating station. 

'Bus bars may be duplicated either by arranging them in the form of a 
ring or merely by dividing them into sections. 

An example of the former method is the arrangement of 'bus bars at 
the Niagara Falls Power Co.'s stations, shown in fig. 117. 

This, it will be seen, is practically a double ring. Each ring is divided 
into sections, having five or six generators and a number of feeders con- 
nected to each section. Each generator and feeder is equipped with a two- 
way selector switch, by means of which the generator or feeder may be 
connected to either the inner or outer ring. In this case the two sides of 
the ring are located in different generating stations, the one side being in 
jbhe original generating station and the other side in the station that has 
recently been completed. The ring is completed by interconnecting cables 
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between the respectiye stations. It will be seen that this system meets all 
the requirements specified above, with the exoeption of provision (/). The 
whole system may obviously, if desired, be run fron^ one generator. On 
the other hand, the system may be divided into eight distinct sections, 
each section having its group of generators and feeders. 

The Bertram system, illustrated in fig. 118, is another example of 
'bus bars arranged on the ring system. In this case all the feeders are 
connected to one side of the ring, and all the generators to the opposite 




Fig. 117. — Niagara duplication of bus bars. 

side; each generator section may, however, be connected to the feeder 
section directly opposite to it. Isolating switches A, consisting of simple 
knife switches, are inserted between each section of the 'bus bar. The 
switch B is usually left open, in order that the whole of the current may 
be recorded by the measuring instruments C. It will be seen that this 
arrangement fulfils requirements (a), (6), (c), (fi), and (/), but does 
not provide for (c). This, however, is not important for high-tension 
systems. 

Mr Clothier, in his paper on " Central Station Switchgear " previously 
referred to, gives diagrams of various arrangements of 'bus ban*, and also 
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suggests one or two methods of duplicating or dividing them into seotions. 
One of the arrangements suggested is shown in fig. 119. 

This arrangement meets requirement (a) as far as the generators are 




Fio. 118. — Bertram's system of ring *bus bars. 

concerned only. Requirement (b) cannot be dealt with. Requirement 
(c) is met to a limited extent only, though probably sufficiently so for small 
installations. Requirements (d) and (e) are satisfactorily fulfilled, but (/) 
cannot be dealt with. 






Fio. 119.— Clothier's system of duplicate 'bus bars. 

The arrangement of the 'bus bars in the generating station of the 
Metropolitan Street Railway Company in New York is shown in fig. 120. 
The generators A are in the first place connected bj short 'bus bars into 
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four diatinot groups. Each of these groupe m&y be oonDeoted to ttio 
Bections of tbe feeder 'bus ban, through selector Bwitches F, F,. To the 
feedei 'bus bars 0, Gj groups of four feeders are connected through group 
switches II. Eaoh group of feeders feeds two statious, and each sub-station 
ia connected to two distinct groups on different, though adjacent, sections 
of the feeder 'bus bars. This arrangement, though apparently at lirst' 
sight unnecessarily complicated, is probably justifiable for such a laige and 
important scheme as that referred to. It will be seen that there is not ft 
point on the whole conducting system that cannot be completely isolated 
without interruption of the supply to any other distributing centre. All 
the requirements specified are fully dealt with, with the exception of (/), 




Flo. 120,— New York Metropolitan Bystem of du)4ie»(« 'bUB hut. 
The IflttMing of this dkgnta corretpouds to Uwt of Fig. 14S. 

and this is met to a certain extent by measuring instromente between the 
groups of generators and the groups of feeders. 

Fig. 121 illustrates a umple method of duplicating 'hue bars, designed by 
the author, that has been in use at Hsstings for some years. The spare 
'bus bar is divided into two sectious, one for tbe generators and one for the 
feeders. Under normal conditions all the working generatorsare connected 
' directly to the upper 'bus bar A. The feeders are also connected to this 
upper 'bus bar, but some of them indirectly through the feeder section of the 
■pare 'bus bar and through tbe two-way water break switeh C. Tbe feeders 
are arranged so that the load on the spare feeder bar is approximately 
equivalent to the output of the spare generator. One generator is con- 
nected to the spare machine 'bus bar B'. Should one of the working 
generators fail, the faulty generator is switched out of circuit, and at the 
tame time the two-way 'bus bar switeh G is thrown over, thereby disoon- 
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necting from the working 'bus bar a load approximately equivalent to the 
output of the faulty machine, and this load is then carried by the spare 
machine. The main ammeter and wattmeter are connected in series with 
the outer 'bus bar. No circuit-breakers are used on the feeders beyond 
the ordinary fuses. If it is required to switch a feeder out of circuit, this 
feeder alone is connected to the spare 'bus bar, and the circuit is broken 
by the water break switch C. This arrangement of 'bus bars fulfils 
requirements (a), (6), (c), {d)y and (/), but does not provide for (c). 

Before generators, or sections of 'bus bars, are connected in parallel it 
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Fio. 121. — Method of duplicating 'bus bars employed at Hastings. 

is necessary to take steps to ascertain that there is no difference of potential 
across the paralleling switch before it is closed. 

For continuous current systems the only instnunents that are necessary 
for this purpose are two voltmeters to be connected across the two terminals 
of the respective generators to be connected in parallel, or one voltmeter 
to connect across the paralleling switch. In the former case the two 
instruments must read alike, and in the latter case the voltmeter should 
indicate zero potential before the paralleling switch is closed. 

For alternating current systems, in addition to the above, it is necessary 
to ascertain : — 

(1) That the incoming generator is running at exactly the same speed 
as the working generator. 

(2) That the phases of the incoming and running machines exactly 
coincide. 
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For this purpose it is necessary to employ a device known as a 
synchroniser. 

The simplest device of this description consists of two lamps connected 
in series across the two end coils of the generators to be paralleled. When 
both generators are in phase and developing equal E.M.F. there will be no 
difference of potential across the lamps, and as a consequence the lamps 
will not glow. When, on the other hand, the generators are 180 degrees out 
of phase there will be 
a difference of potential 
across the lamps equiva- 
lent to the sum of the 
KM.F. of the two coils, 
and if the voltage of the 
lamps has been selected 
to suit these conditions, 
they will glow with full 
brilliancy. With this 
arrangement it isobvious 
that the proper time to 
parallel is when the 
lamps are out. The 
practice of paralleling 
with blackened lamps is 
universal in the United 
States ; in this coimtry, 
on the other hand, it is 
usual to parallel when 
the lamps are at full 
brilliancy. The advan- 
tage of the latter arrange- 
ment is that it is much 
easier to detect small 
differences of potential 
at full voltage than at 
zero ; that is to say, the 
difference between 95 




Fig. 122. — Ordinary connections to synchroniser 
transformers and voltmeter. 



and 100 volts on a 100-volt lamp can be easily detected, but the difference 
between zero and 20 or 30 volts is often not apparent. 

The usual apparatus for synchronising consists of a pair of transformers ; 
the primary winding of one of these transformers being arranged to be con- 
nected across the working 'bus bars, and that of the second transformer to 
be switched on to the incoming generator. A lamp or a voltmeter is con- 
nected across the secondaries of the two transformers coupled in series, 
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as shown in fig. 122. When the generators are in phase the two secondary 
windings assist each other, and consequently the lamp glows at full 
brilliancy, and the voltmeter indicates the maximum reading. When 
the generators are out of phase the two secondary windings oppose each 
other, and there is no difference of potential across the voltmeter 
and lamp. 

The synchronising transformers are sometimes mounted in a small case, 

upon which the voltmeter 
and lamps are fixed, and 
this complete apparatus is 
provided with four feet, 
to which the respective 
primary windings of the 
two transformers are con- 
nected, the feet thereby 
constituting the necessary 
primary terminals of the 
synchroniser. These ter- 
minals rest on insulated 
contacts connected to the 
switches by means of which 
the synchroniser is con- 
nected to the 'bus bars and 
incoming generator. By 
this arrangement it is a 
simple matter to replace 
a faulty instrument by 
another, as it merely entails 
lifting the one down and 
putting the other in its 
place. 

It is usually only con- 
sidered necessary to provide 
one synchroniser for a 
number of generators. For 
this purpose it is necessary 
to connect one of the transformers to a synchroniser 'bus bar, through 
which it may be plugged on to any generator. It is desirable that only 
one plug should be used for this purpose, as it will be evident that if two 
generators are plugged on to the synchroniser 'bus bar they may be con- 
nected in parallel through this 'bus bar when they are out of step, and 
serious consequences may result. 

In Messrs Ferranti's standard high-tension switchboards, instead of a 




Fio. 123. — Method of testing Rynchroniser 
connections. 
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synchronising plug, arrangements are made for connecting the incoming 
generator to the synchronising 'bus bars by placing the generator switch 
at half-cock. It is, of course, necessary in this case to take every care to 
see that two switches are not placed at half-cock simultaneously, as the 
result would obviously be the same as using two plugs in the manner 
referred to above. 

In some cases a separate synchroniser is used for each main switch, 
which arrangement, though slightly more costly to iustal, has many 
advantages. 

When connecting up a synchroniser for the first time, it is some- 
times difficult to ascertain which way the synphronising transformers 
are wound. It is obvious that, should a mistake be made in making these 
connections, the synchroniser lamp will glow when the generators are out 
of phase, and will be extinguished when they are in phase, and as a result 
of this incorrect indication generators may be switched into parallel when 
they are exactly out of phase. 

A simple method of testing synchroniser connections is illustrated in 
fig. 123. The synchronising transformers should be connected up to the 
'bus bars and to one of the generators. The leads between the generator 
and the switchboard should then be removed from the machine, and the 
paralleling switch closed. It is obvious that when this switch is closed 
the generator leads, across which one side of the transformers is connected, 
must be in phase with the 'bus bars. If, therefore, the synchroniser 
transformers have been properly connected up, the lamps and voltmeter will 
indicate the maximum potential across the secondary terminals. Should 
they not do so, the connections to one of the transformers should be 
reversed and the test repeated. 

Although it can be seen when running a machine up before connecting 
it into parallel whether or not it is in phase, the ordinary synchronising 
lamp and voltmeter do not show whether the incoming generator is running 
too fast or too slow ; and consequently time is often lost through in- 
creasing the speed of a machine when it is already going too fast, or vice 
versa. To overcome this difficulty various methods have been suggested 
for showing whether the incoming generator is running too fast or too slow. 

Mr Ferranti, some years ago, drew attention to the fact that if a 
generating station is lighted by alternating current arc lamps supplied by 
the working generators, the pole pieces of the incoming generator appear to 
stand perfectly still when the incoming machine is running at the same 
speed as the working generators, whereas if the incoming machine is run- 
ning faster than the other machines the pole pieces appear to slowly 
revolve in the direction in which the generator is being driven. If, on the 
other hand, the incoming machine is running at a slower speed than the 
working generators, the pole pieces appear to revolve against the normal 
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direction of rotation. This phenomenon is, of course, due to the fact that 
the light from an alternating current arc lamp is intermittent, the 
fluctuations corresponding to the periodicity of the supply. The light will 
be a maximum when the pole pieces are in a certain position relatively to 
the armature coils, and consequently the pole pieces of the machines 
supplying the current have the appearance of always standing in this 
position. If the incoming machine is running at the same speed, it will 
also have this appearance of standing still. If, however, it is running 
slightly faster, it will gain slightly on the working machines, and at each 
period of maximum illumiuation the pole pieces will be slightly in advance 
of the position they held the period before. This gives the appearance of 
a slow rotation in the direction in which the generator is being driven. 
If, on the other hand, the incoming machine is running slightly slower than 
the others, it will, of course, have the reverse effect. 

A rotary synchroniser has recently been invented independently by 
Messrs Everett and Edgcumbe in this country and by Mr Paul Lincoln 
in the United States. This device is practically a small alternating current 
motor, the armature of which rotates in a clockwise direction if the in- 
coming generator is running too fast, and in a contra-clockwise direction 
if the generator is miming too slow. It consists of a laminated core running 
in ball bearings and carrying a pointer. The core or rotor is wound with 
an ordinary two-phase winding, connected to three slip rings. Outside the 
rotor is a laminated stator, which is also provided with a four-pole two- 
phase winding. In the case of both rotor and stator one circuit is connected 
across the full voltage with a lamp in series with it, while in the other is 
inserted a choking coil ; thus two rotary fields are produced, and the 
connections are such that they rotate in the same direction ; obviously 
they will tend to rotate *in step.' Now the stator is connected to the 
'bus bars, and the rotor to the incoming raachina Supposing both these 
to be giving the same frequency, the two fields will be rotating at the same 
speed, and consequently the rotor will stand still ; if, on the other hand, the 
frequency (i.e. the speed of rotation) of the stator current is greater than 
that of the rotor, the latter will have to revolve in the same direction as 
the flux in order that the two fields may keep in step. Thus, for example, 
a clockwise rotation will show that the frequency of the incoming machine 
is too great, while a contra-clockwise rotation will show that it is too 
small. The speed of rotation is also an indication of the difference between 
the two frequencies, one complete revolution representing, in fact, a 
difference of two cycles. 

A feature possessed by the Everett and Edgciunbe synchroniser only is 
the arrangement of two lamps, coloured respectively red and green, which 
are automatically exposed to view according to the direction of rotation of 
the spindle ; the result is that the engine-driver can see at a considerable 
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distance whether his machine is going too f&st or too slow. The whole 
appfttutue is Burmounted by an ordinary syDchroniBing lamp, not for nse 
by the man switching in, but as a guide to the engine-driver. The red or 
green lamp indication is effected by means of a small lever which is carried 
friction-tight on the spindle, and which actuates a two-arm shutter. When 
the pointer is rotating in one direction the shutter shows a green light, 
whereas when the rotation is in the opposite direction a red light is shown. 
The British Schuckert Co. exhibited at the Paris Exhibition in 1900 and 
at the Glasgow Exhibition in 1901 a rotary synohroniser consisting of a 




Fin. 121.— Briti»h Schuckert rotary synchi 



bank of lamps arranged in a circle and connected to the secondary windings 
of a tbree-phase tr.msformer. The method of connecting up this three- 
phase traiisformer is shown in tig. 124. 

for Himplicity, the connections to only half the glow-lampa have Iwen 
shown ; in practice lamps diametrically opposite each other are coupled in 
parallel. By means of the lamp connections each secondary is divided into 
two parts. The point of connection is so chusen that the number of wind- 
ings between this point and the common point of connection A of the 

^:_ on. 1 

three coils bears to the total number 
The pressure in the primary coils o 



1 the coil the ratio of ^^L^,„^. 

sm 60 J3 

tiic transformer is the geometrical 
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difference of the component parts of the pressure delivered by the 'bus bars 
and the terminals of the machine. The pressure in the secondary coils is 
proportional to that in the primary, and is the same if the number of 
windings in both is the same, which, for simplicity, will be assumed to be 
the case. Should the working machines and the machine to be connected 
be already rotating at the same speed — which does not necessarily involve 
their being in phase — the distribution of pressure over all three coils 
remains steadily the same, and consequently the lamps connected to the 
corresponding secondaries will also be under the same steady pressure. 
The distribution of pressure to the individual lamps is, however, different. 
Certain lamps receive a maximum pressure, others less, and with some the 






Fio. 126. — Diagrams showing pressure components of synchroniser coils and geometrical 
differences in the components when generators are in phase. 

pressure is nil. The distribution of pressure between the lamps depends on 
the phase difference between the pressure components of the primaries. If 
the machines are in phase, the pressure components of the three coils are as 
shown in diagrams X and Y, and the geometrical differences in the components 
are as shown in diagram Z, fig. 125. If the pressure between one of the 'bus 
bars or machine terminals and the neutral point is denoted by e, then 
the pressure in coil I. will be o, while that in coils 11. and III. amounts to 

c^/3. 

From this the pressure on the individual lamps will be found to be — 



Lamp 1 

Lamps 2 and 6 

Lamps 3 and 5 
Lamp 4 



= o 



-- sin 30' 
*^ • sin 60* 

c + e=2c. 



= c. 
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But 

o = 2e . sin 0*. 

«= 2e X J = 2e . sin 30*. 

ejl = 2e . iV3 = 2e . sin 60'. 
2e = 2e . sin 90". 

The pressure on each lamp, therefore, is proportional to the sine of its 
angle from the line 1, 1, 1, I, and in consequence lamp 4 bums brightest, 
and lamp 1 not at all. If, on the other hand, there is a phase difference of 
ISO'', then the pressure components are as shown in diagrams X^ and Y^, fig. 




A 





2e^ 



J} Y* Z» 

Fio. 12G. — Diagram showing pressure coin|K)nent8, etc., when generators 

are out of phase. 

126. The geometrical differences in diagram Z* show for coil I. 2e, for 
coils II. and III. e, and the pressure on the various lamps will l>c— 



Lamp I 

Lamps 2 and 6 

Lamps 3 and 5 
Lamp 4 



= 2e. 



2e _e_ 



= e^3. 



The lamp pressures stand in the same proportion as before, but the 
distribution has altered in such a way that the illimiination produced has 
been turned through an angle of 90*. 

For phase difference between and ISO* the illumination occupies 
intermediate positions. 

Now two alternate current systems, between which no synchronism 
exists, may be regarded as being out of phase by a continually varying 
amount, and consequently, as long as the machine to be connected is out 
of synchronism with those already runuing, the lamps of the synchroniser 
will be illuminated in rotation. According as its periodicity is too high 
or too low, the rotation will be in one direction or the other, and the 
difference in periodicity may be judged by the rapidity of the rotation. 

To use the apparatus for paralleling machines, it is necessary to wait 

9 
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UDtil the rotating itluniination comes to rest, and as soon as it is produced 
by certain tamps — viz., the phaee lamps 1, 1, 1, 1— the generators may be 
coupled in parallel. 

If it is desired to use the apparatus fur single-phaae machines, this can 
be doue bj employing subsidiary phases prodmed either by windings of 
different induction or condensers in the usual manner. 

A simple single-phase rotary lamp synchroniser, designed by the author, 
is illustrated in lig. 127. 

Tliis, it will be seen, consists of a modification of the current direction 
indicating transformers illustrated in figs. 104 and 105. The windings 




Fin. 127. — A singla'phoM rotory ajnchi 



A and B are connected across the high-tension 'bus ban. The wiudings 
G and D ore connected directly across the terminals of the incoming 
generator, and the windings £ and F are shunted across C and D through 
a condenser K, so that the current in C and D is approximately 90' out 
of phase with the current in E and F. When the KM.F. of the incoming 
generator is in phase with the 'bus baia, lamp 1 will be fully lighted aud 
lamp 3 will be extinguished ; whereas lamps 2 and 4 will both be half 
incandesced only. If a moment later the incoming generator gets 90' in 
advance of the 'bus bars, lamp 2 will be fully incandesced, lamp 4 will 
be black, and lamps 1 and 3 will be half incandesced only. When 
the incoming generator has gained 180* on the working generators, lamp 
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3 will be fully incandesoed, 2 and 4 will be semi-inoandesced, and 1 
will be black. Thus it will be seen that when the inooming machine 
is running faster than the working machines the point of maximum 
brilliancy will rotate round the lamps, arranged in numerical order in a 
circle, in a clockwise direction. If, on the other hand, the incoming genera- 
tor is not up to proper speed, the maximum point of illumination will rotate 
in a contra-clockwise direction. The proper moment for synchronising is 
when No. 1 lamp is fully incandesced and No. 3 is black. If desired, 
eight lamps may be arranged in a circle, with diametrically opposite lamps 
coupled in parallel to the respective secondaries (see fig. 128). 

A few years ago considerable difficulty was experienced in switch- 
ing machines into parallel, and various devices were employed to 
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Fio. 128. — Arrangement oflamps for Bingle-phase rotary synchroniser. 



prevent the serious consequences of attempting to parallel at the wrong 
time. 

In some cases machines were paralleled through a highly inductive 
choking coil, the core of which was gradually removed, after the machines 
had been paralleled through it, and the winding was finally short 
circuited. 

The author designed and used for some years a circuit-breaker so con- 
structed that it was impossible for an attendant to switch generators into 
parallel if they were badly out of phase. This circuit-breaker is shown 
opened and closed in figs. 129 and 130. 

The main current is carried through the contacts A and B, but this 
circuit is shunted through the two arms and carbon contacts C. The 
circuit-breaker is held in the closed position by the toggle-joint D. To 
close the circuit-breaker the handle £ is lowered until the projection F 
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CDgages with the catch G od the weighted lever H ; the handle and weighted 
lever &n! then lifted together iuto the poaitioo showu iu fig. 130. Id this 
poBitioii the weighted lever is supported by the ca,tch J, and the pin K, 
pressing on the tail-pitoe of the catch G, releases tlie weighted lever from 
the resetting handle, thus leaving this free to fall if released b; the electro- 
magoet L. This clei:tro-niagnet is conuected across tlic secondary of a 




Flo. 129. — r>00 K.W. carbon -tii'ied liom break ci 



it- breaker open. 



transformer in series with the main circuit. An excessive current through 
this will, therefore, release the catch, and the weight in falling will cause 
the main circuit to l»e opened, tirNt at A, B, and linally across the carbon 
points C, and atiy arc that may be drawn out is effectually repelled by 
the horn break action of the arais to which the carbon contacts are fixed. 
The advantage of this arrangement over a fuse is that it can be reset 
instantly. 
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It was at one time considered necessary, before conneotiiig a machine 
into parallel, to run the incoming machine up on an artificial load approzi- 




raatoly equivalent to the load on the worliing generators. I'ractically all 
modem mucliineii cmi, however, be p^trallclcd without difficulty. 



CHAPTER VII. 

GENERAL ABEANOEMENT OF CONTBOLLIKO APPAEATTJS FOB 

Hian-TENSION SYSTEMS. 

Examples of compact directly controlled switchgear : * Ferranti ' standard high-tension 
and extra high-tension switchgear, ' Cowan ' hinged panel gear, * Hastings * gear, 
and ' Brush ' standard switchgear — Examples of isolated directly controlled gear : 
' Glasgow * cubicle switchgear, * Raworth ' pillar gear— Indirectly controlled sjrstems : 
* Berlin * mechanically controlled switchgear, * New York Metropolitan Street 
Railway,' and ' Niagara ' pneumatically and electrically controlled switchgear. 

Having now considered, in detail, some of the apparatus required for a 
complete switchboard, attention may be turned to the general arrangement 
and assembling of this apparatus. 

The various designs that have been adopted are so widely different that 
it is extremely difficult to classify them. Mr Clothier, in his paper before 
the Manchester section of the Institution of Electrical Engineers on 
*' High-Tension Switchgear," divides the various constructions into those 
with spaces behind them, and those without. There are, however, many 
other distinct divisions ; in fact, almost every different design appears to 
belong to a class of its own. 

One very notable difference is in the spacing of the apparatus. Some 
designers have aimed at getting everything into as small a compass as 
possible, whereas others have arranged the apparatus controlling each 
generator, or feeder, in such a manner as to isolate it from its neighbours. 
Isolated switchgear may be again divided into directly and indirectly 
controlled gear. In the case of the former the switchboard attendant 
has to walk from one panel to another, and can as a rule only see the 
instruments on one panel at a time, whereas in the latter case the actual 
operating handles and instruments are usually arranged in a very small 
space, so that the attendant can control everything from one point. 

Compact Directly Controlled Switchgear. — An excellent example of 

this class is the well-known Ferranti high-tension switchgear, a section 

of which is illustrated in fig. 131. The essential features of this design 

are its simplicity and the entire absence of any earthed metal framework, 

between which and the high-tension conductors a dangerous arc might 

134 



CONTROLLING APPARATUS FOR HIGH-TENSION SYSTEMS. 



135 



be established The vanoua awitcheii and iQstruments are mounted in 
cells, or compartments, isolated fiom each other by slate slabs imbedded 
in the glazed bnck wall which forms the background of the swit«bgear. It 
will be noticed that there are nc cable 
connections between the vanous controlling 
airangemente The concentnc cable from 
the generator terminates in a cable box A. 
The outer conductor of the cable is connected 
to the outer casing of the cable box, and 
a copper bar bolted directly on to the cable 
bos constitutes the outer 'bus bar of the 
system The inner conductor is continued 
through the cable box to the lower fuse 
contact B From this point the current 
passes through the fuse C, main switch D, 
and ammeter E, to the mam inner 'bus bar F 
On a shelf aboie the mam inner 'bus bar the 
synchronising transformer and voltmeter, the 
'bus bar voltmeter, and incoming generator 
voltmeter are usually mounted The 'bus 
bar voltmeter and one side of the syn 
chronising transformer are permanently con 
neoted between the 'bus bar and earth, 
whereas the second voltmeter and the other 
half of the synchronising transformer are 
connected to the swinging contact G Before 
switching a generator into parallel the main 
switch IS set at half cock In this position 
the moving blade of the switch makes con 
iiection with the swinging contact, thus 
completing the circuit between the incoming 
generator and earth through the voltmeter 
and synchroniser To finally connect the 
generator to the 'bus bar the switch is 
pushed home, thus automatically disconnect- 
ing it from the swinging contact connected 
to the synchroniser 'bus bar Care must be 
taken to guard against two of the generator switches being set at balf- 
cook simultaneously, as to do this would parallel the two generators 
through the synchroniser 'bus bar To prevent a serious accident from 
this cause, the precaution is sometimes taken of inserting light fuses 
between this 'bus bar and the swinging contacts 

The method adopted of locking a switch open, to guard against its 




—Section of Femnli 
r. switchgear. 
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being accidentftlly closed when men are working ujxm the generator or 
feeder, is very neat. A small wooden panel H just (its the front of the 
switch compartrneut, and when this is locked into the position shown, it is 
impossible for the switch to be operated. Fig. 132 is a front view of 




of aUcdard Fernnti H.T. Bwitehboard. 



a standard single-phase switc^bboard, each panel of which is capable of 
controlling 300 kilo- watts at a pressure of 2000 volts. 

The field regulating resistances are usually placed below the switchboard 
gallery and controlled by a handle projecting through the top of the panelled 
desk in front of the switchbnard. The field switches and field voltmeters 
are also usually mounted on these panels. 

A modification of the above is the Ferranti extra high-tension switch- 
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geur, illuBtrated in fig. 133. The general arrangement is prtkctically 
simitar to that shown in tig. 131, the chief difference being that it is 
adapted to receive the extra high-tension multiple break switches and fuses 
referred to in Chapter III. The illustration shows a 20,000 volt, 100 K.W. 







per panel, two-phase board. The switches 
together no that they may be o[)erated liy the 1 
Cowan Hinged Wall Type Switchgear.- 
Bwitchgear is illustrated in fig. 134. Two further important features of 
this arrangement are its accessibility for overhauling or extensions, and 
the very effective precautions that have been taken to guard againat an 



1 the two phases are linked 
movement of one handle. 
—Another couipact type of 
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Fio. 184,— Section of Blackpool H.T. switohjieM. 
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attendant making accidental contact with an; high-teuBiOQ connections. 
The insulating panels are supported on an iron fnunework A, which may 
be bolted directly to a wall. By this arrangement the whole of the gear 
may be assembled in the manufacturer's works, and in consequence the 
erection in the user's works is greatly simplified. The high-tension fuses B 
and main ammeters C are mounted on removable panels D, D', and these 
panels, when closed, form an efficient guard for the connections behind them. 
The act of removing these panels disconnects the fuses, etc., from the 
contacts behind, and affords ready access to these contacts and connections. 
The circuit in the particular construction shown in fig. 134 is broken by a 




Kio. ISB.— Shangbu H.T. BWitchboard. 

water break switch mounted at the top of the board. This switch is con- 
trolled by a lever, the handle of which projects from the lower face of the 
board. In a later design oil break switches are substituted for the water 
break switches shown. 

Figs. 135 and 136 represent a board made for Shanghai by Messrs 
Cowan, to the specification of Messrs Freece & Cardew. 

The apparatus controlling each generator, or feeder, is separated from 
adjacent sections by slate partitions. It will be seen that, although an iron 
framework is used for supporting the panels, this is so entirely covered by 
slate that it is impossible for an arc to be established between it and Che 
high-tenuon connections. 
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Fi<3. 136.— Section of Shanghfti boud. 
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Hutings Wall Tjrpe Svitchgear. — The switohgear at Hastings (fig. 
137) was designed to permit the use of discriminating cutouts for 
controlling the generatora. These ciitouta, which also serve as main 




switches, are bolted to a channel iron framework fixed to a glazed brick 
wall, which forma the background of lhe*s witch hoard. The conductors 
from the generators, etc., are run in iron pipes cleat«d to the face of the 
wall in such a manner that the purpose of each conductor can be seen at a 
glance. A sectional elevation of this arrangement is shown in fig. 138. 
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The connections are iodicated bj dotted lines. The conductor on the 
extreme right is the lead from the inner pole of the generator. This is 
taken directly into the ourrent-direotion-indicating tranarormer A. From 
ttiis a wire is run to od« of the terminals of the circuit-breaker B ; the 



I r 




Fio. 13S, — Section o( Hastings wall type 



other terminal of this circuit-breaker is connected to the ammeter contact 
G, the ammeter D, and two-way switch E. By means of this switch the 
generator may be connected to either of the 'bus bars F or G. Contacts 
are provided in the transformer A for the synchronising plug H, by means 
of which the generator may be plugged on to the synchroniser 'bus bar. 
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The middle conductor shown in the diagnm is connected directly between 
the other pole of the generator and the outer 'buB bar J. The left-hand 
oonductor is taken from one terminal of the field winding through the 
ntgulating resistance K, step resistanoe switch L, field awitoh M, and 
field ammeter N, to the field 'bus bar 0. The panels on which the main 
and field ammeterB are mounted maj be removed for examining the contacts 
behind them, by loosening four nuts and pulling the panels forward. 




FiQ. 139. — Section afLeiceBter H.T. awitehgear. 

Bnuh Standard High-Tension Switctagear.— Fig. 139 is a sectional 
elevation of the switchgear recently supplied by the Brush Electrical 
Engineering Co. for the Leicester Corporation. In this arrangement the 
water break switches are mounted on an iron framework at the back of the 
switch panels, and controlled by an operating handle on the face of the panels. 
This framework also carries the regulating field resistanoe, the aynchronis- 
ing transformers, etc. A noticeable feature in connection with this gear is 
the manner in which the instrument panel is packed off from the support- 
ing framework. By this means the cable connections ruoniug at the liock 
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of the panels can be carried on the back of the slate between the panels and 
the framework. The constant crossing and recrossing of the framework 
support* is thereby avoided. 

Isolated Directly Controlled Switcbgear. — An example of the Westiog- 
house cubicle switchgenr is to be seen at the power station of the Glasgow 
TramwajB, where it 'u installed for controlling the high-tension three-phase 
generators and feeders in use there. Fig. 140 is a diagrammatic plan of 
the arrangement. The generator p i re ii it-breakers A A' are mounted on 
the face of the marble panels F. These generator panels extend across 
the entire width of the engine-room. All the circuit- breakers uacd arc 
of the long break Westinghousc typo illustrated in lig. 43, ChHpter III. 
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Fio. 140. —Arrangement of 'lnj» liars and feeder ciibirlcs, 
01«sgow TntnwBja H.T. switcligear. 

The 'bus bars B, consisting of copper tiibes, are supported about 8 feet 
from the ground lichind the gcncratur panels, eiich generator being con- 
nected to an independent section of the 'bus bars. A feeder cubicle C is 
also connected to each of these sections. The respective sections may, if 
desired, be interconnected with adjoining sections by the paralleling 
switches 1>. These switches are also mounted on the face of the generator 
panels P. Each of the feeder cubicles contains four main feeder tertninal 
boxes G, fig. 141. The three conductorx from each of these terminal boxes 
are connected througli series transformers H H to the bottoms of the three- 
pole high-tension feeder circuit-breakers .P J^ J^ J*. These circuit-breakers 
are constructed to be released by band, or automatically in the event of an 
excess current. The operating handles of the switches are mounted on the 
outer faces of the panels forming the ciibicles, together with the ammeters 
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' showing the cumot taken hj each phase of the respective feeders. Fig. 
141 shows a sectional elevation of one of these cubicles, and fig. 142 is s 
view of the space between two adjoining cubicles. Fig. 143 is a view of the 
connections behind the generator panels F, fig. 140. The only high-tension 
ooDnections are the tubular 'bus bars to be seen at the upper part of figs, 
141 and 143. The heavy 'bus bars running the entire length of the panels 
in fig. 143 carry low-tenaion currents only. The various small wires to be 




Fid. 141. — Sectional elevation of feeder cubicle (Gliugow). 

seen cleated at the back of these panels are oonnections between the seriea 
transformers and the ammeters, wattmeters, etc., on the face of the board. 
Baworth Pillar Switchgear. — Ad ingenious arrangement was worked 
out some years ago by Mr J. S. Raworth. All tlio necessary switohes, 
measuring instruments, etc., required for controlling a generator were 
mounted in a pillar, and these pillan were erected directly opposite the 
generators they controlled. The centre of three operating handles con- 
trolled the cross-arm of the double-pole water break switches fixed at the 
top of the pillar ; whereas the handles at the right and left were used re- 
spectively for switching on the synchronising transformer and for closing the 
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field Bwitch. The various handleB were so iuterlocked, the one with the other, 
that it was impossiblo for an attendant to operate theni in the wrong order. 
Mechanically Controlled Svitchgear. — In ordor that the actual cou- 
trolliiig awitches of respective generators may be isolated in such a manner 
that the effect of a complete burn-out of the controlling arrangements of 
one generator will be confined to that generator alone, some designers have 
arranged that portion of the gear at whicli an arc is liable to be Mlarted 
some distance away from tlie operating handles, mechanically controlling 
the one from the other by means of inturconiiecting rods and levers. An 




Fio. 142. —Operating panels of feeder cubiclee (Glasgow). 

example of this arrangement is illustrated in fig. 144. It represents a 
section of the switchgear constructed by the Allgenieinc Co. for one of the 
generating stations in Berlin. A pair of duplicate three-core cables from 
each generator terminate in junction boxes A. Fuses B and B' are inserted 
in series with the conductors of eacli phase. These fuses are placed in a 
cellar below the switchboard floor. The main circuit-breaker C consists of 
four movable blades on each phase. These blades are mechanically con- 
nected together in opposing paint, the pair 0! blades on one side being 
electrically coimected together, and those on the opposite side being 
connected respectively to one of the conductors from the genemtor, 
and one of the conductors from the main 'bus bars. The circuit- 
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breaker controlling each tbree-pbiue generator uoDsiste, therefore, of 
twelve movable blades, all of whicb are contrulled by one rod counected 
to the operating handle J. The movement from this operating handle 
is trail Hmit ted through a rocking shaft D ; bj this meanH the necessity 
of placing the switeb directly opposite the controlling handle is avoided, 
and consequently the spacing between the operating handles is only a 
fraction of the spacing between the frames carrying the circuit-breukers. 

The main "buB bars arc supported on insnlators in the cellar below the 
switchboard floor. The feeder controlling gear is also Sxed in this cellar. 




Fig. 143— Buck ufgencr^iUr panels (GlHBguwTi 



No circuit-breakers, except the feeder fuses, are used for controlling the 
feeders. The feeder fuses are mounted on a carriage E, which can be run 
along rails tiled at the top of a rectangular framework. The feeder 
ammeters F arc also supported on this carriage. The feeder circuit is 
comjileted through the contacts G and U' when the fuse carriage is pushed 
home. To open tlie circuit the carrit^e is pulled towards the operator by 
the handle H; the fuses may thus be examined or replaced witiiout auy 
risk of the operator making iLccidental contact with the charged connections. 
No arc is formed upon breaking circuit by withdrawing the fuse carriage, 
liecausc several feeders are connected in parallel between the generating 
station and each sub-station. 
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American Pnenmatically uid Electrically OontroUed Switcbgeu. — 
The electrical controlling *«rraiigemeDte of some of the large American 




Fh;. 144. — Section abawtng geMnl arrangemant of Berlin switchgur. 

power plants represeut & distinct departure from anything to be found in 
this country.' It almost apjiears at first sight that the precautions that 

' Since the above wu written three or four boards deagned on tliesa lines havs 
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have been taken are unnecessarily elaborate and costly. When it is 
remembered, however, that the power to be controlled in one of these 
generating stations exceeds 40,000 horse-power, and when the very serious 
consequences of even a momentary interruption to the supply are con- 
sidered, one realises that the heavy expenditure incurred on switchgear is 
wholly justifiable. 

Fig. 145 is a sectional elevation of the electrical controlling arrange- 
ments at the Metropolitan Street Railway Co.'s station in 96th Street, New 
York. This work has been carried out by the General Electric Co. of 
Schenectady. All the switching operation? are normally conducted at 
the desk X. A number of miniatiire switches and 'bus bars on the face 
of this desk constitute a complete model of the electrical connections 
and switches in the entire station. These miniature switches are each 
electrically connected to one of the large circuit-breakers on the floors above. 
Small red and green lamps inserted at intervals in the miniature 'bus bars, 
etc., indicate what sections of the connections are dead or alive. The 
attendant thus has constantly before him a complete diagrammatic indica- 
tion of the condition of the whole system. The final adjustment of the 
engines is also controlled from this operating desk by means of a relay 
acting on the steam governor. When an incomhig generator has to be 
paralleled, the engine-driver starts the plant and runs it up to approximately 
the speed of the other plants, but the final adjustment is effected by the 
switchboard attendant. All the measuring instruments required for the 
system are mounted on panels M behind the controlling desk. 

A diagram of the electrical connections of the plant in this station is 
shown in fig. 120, Chapter V I. The lettering of the various apparatus is the 
same in figs. 120 and 145. The three-core cable A is connected directly 
between one of the three-phase generators and the pneumatically controlled 
circuit-breaker 6. The circuit is completed through the ammeter trans- 
former C, a second generator switch D, to the group ammeter transformers 
and group switches E\ E^, and E^ From this point the current may be 
directed by selector switches F^ F^, F' (indicated by dotted lines in fig. 145) 
to either of the 'bus bars G^ or G^ of each phase. The selector switches 
are merely heavy multiple-blade knife switches, and are not intended to 
break the circuit with current on. The construction is, in fact, such that 
it is impossible to accidentally draw out a heavy arc with these switches. 
This is effected by a catch which only permits the switch to be opened in 
the first instance a very short distance. If, therefore, a section carrying 
current is accidentally opened, a very short arc will result, and the attendant 
on seeing this can immediately reclose the switch and ascertain the source 
of the flow of current. From the respective 'bus bars current is conducted 
to group circuit-breakers H, and through these to the respective feeder 
circuit-breakers J and feeder ammeter transformers K. 
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The main 'bus bars of the respective phases are efEoientl; isolated from 
each other bj double soap-stone slabs L. 

The construction of the pneumatically controlled oil break circuit- 
breakers is illustrated in fig. 146. The terminals of each of the circuits to 




Vm. Ue. — PiieunwtioUy ojierated three-phase circuit- breaker. 
be completed ure connected respectively to tlie mush room -shaped contacts 
A' and A'-. Metal oil pots B' and B^ are supported b; insulators in such a 
manner tbiit they rest on, and mnkc connection with, the contacts A' and A^. 
Metal rods C^ and C- connected at their upper eitremitles nre guided through 
porcelain insulators D^ and D^ into contacts at the bottoms of the oil pots 
B' and H^. The circuit is completed through these rods when they are 
lowered. The movable contacts referred to are carried at the end of 
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wooden rods E, supported from the croas-beam F. When the circuit-breaker 
IB open, this crosa-beam is tield up by the catch U, The circuit-breakers 
inserted in series with the respective phases, though mechanically con- 
nected for stmultaneous control, are efficiently isolated from each other by 
brickwork partitions covered at the top by a soap-stone slab H, and in 
front by an iron door J. It will thus be seen that, in the event of a heavy 
arc being started across the circuit- breaker controlling one of the plkasea, 




Fm. H 7. ^Electrically operated thles'phasfl circuit- breaker, open, 
it ia practically impossible for this arc to make contact with one of the 
other circuits, and thereby cause a short circuit. 

To operate theaccircuit-breakersa current from a local secondary liattery 
is caused to flow through the solenoid K by closing one of the controlling 
switches on the operating desk. Thia draws down the plunger and valve 
L, and admits air from an air compressor into the cylinder above the piston 
M. At the aame time air is admitted above the small piston M', and 
this is forced down against the spring N, thereby releasing the catch Q, 
and allowing the air on the top of the piston M to close the cirou it breaker. 
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To open the circuit-breaker the raoTement of the slide-valve L is reversed, 
tbui admittii^ air below the pUton M. 

N<me of the circuit-breaken will be accidentally operated by a faihire 
of the air pressure. The circuit^breakers already closed can ouly be opened 
by admittiug air pressure below the piston M, and those that are opened 
can only be closed b; admitting; air pressure above the piston M'. 

A recent moditicatiou of the circuit-breakers referred to above is illus- 
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Fia. 1 48. — Electricall; operated three-phue circuit- breaker, cluad. 



trated in Hgs. 147 and 146. Fig. 147 is a front and sectiunal view of 
one of these circuit-breakers opened, and flg. 148 shows the saroe cirouit- 
breaker closed. The construction of the oil pots is somewhat siuilar to 
that shown in fig. 146, the main difference being that, in addition to the 
circuit being completed through the rods and contacts in these oil pota, 
ext«mal contacts A' and A^ are provided to make connection with the 
oil-containing pots. When the switch is closed the main current ia carried 
b; these external contacts, but the circuit is finally broken by the contacts 
under oil as before. 
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This circuit-breaker is operated electrically only, without the aid of 
pneumatics. This is effected by the small series wound electric motor B. 
A diagram of the connections to this motor is shown in fig. 149, the 
lettering of this diagram corresponding to that in figs. 147 and 148. 
When the circuit- breaker is open, a powerful spring C is compressed ; this 
spring tends to force down the cross-arm D. This movement is prevented, 
however, by the toggle-jointed lever K, the three fulcrums of which are in 
line with each other. When the circuit is completed through the motor 

B, this commences to rotate, 
and turns the wheel F in 
the direction indicated by 
the arrow. As, however, 
one end of the toggle-jointed 
lever E is connected to the 
shaft driven by the wheel 
F, the centre joint of this 
lever is moved out of the 
straight line between the 
fulcrums at each end of the 
double lever, and conse- 
(juently this joint is unable 
to resist the tension of the 
spring C. This, therefore, 
causes the cross-arm D to 
descend, and the lower end 
of the lever E rotates with 
the ratchet wheel in a 
clockwise direction. This 
rotation will, to start with, 
be considerably faster than 
the movement of the driving 
wheel to which the pawl is 
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Fig. 149. — Diagram of connections for controlling 
electrically operated circuit- break ere. 



attached. As, however, the speed of the motor accelerates, which it will 
do rapidly, having no work to do, the driving wheel will gain on the 
ratchet wheel, and will finally drive this through the ratchet and pawl, 
thus completely closing the circuit-breaker, and compressing the lower 
spring C^ in doing so. The motor is thrown out of gear when the centre 
joint of the toggle-jointed lever E has been rotated through an angle of 
180 degrees round the shaft. This is eifected V)y means of the commutator 
G in fig. 149. This commutator is carried and rotated by the same shaft 
as the ratchet wheel F, the movement being also in a clockwise direction. 
H is a two-way switch on the operating desk, and J^ and J^ are the 
respective red and green indicating lamps which show whether the circuit- 
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breaker is opened or closed. The diagram indicates the position in which 
the switch and commutator are left after the operation of closing the 
circuit-breaker. The lower brush K^ has just broken circuit with the 
segment of the commutator connected to the motor and electro-magnet L 
controlling the clutch M on the motor shaft, and the upper brush K^ has 
just made contact with this segment. With the switch H in the position 
shown, no current will pass through the motor except that through the 
indicating lamp J^, which is incandesced, and indicates that the switch 
is closed. No current will pass through the lamp J^, as this is short- 
circuited by the switch H and open-circuited at the commutator brush K'^ 
The small current through the lamp J- will l)e insufficient to start the motor 
B. To open the circuit-breaker the switch H is thrown over to short-circuit 
the lamp J^. This allows a sufficiently heavy current to pass through the 
commutator brush K^, the electro- magnet L, and motor B, to throw the 
chitch in circuit and start the motor. The first movement of the motor 
carries the centre of the toggle-jointed lever into the position shown in 
fig. 148, and thus allows the powerful spring C^ to lift the cross-head and 
rapidly open the circuit ; the action of the compression spring C^ is 
assisted by the extended spring C^. The continued rotation of the motor 
again compresses the upper spring C until it is thrown out of gear by the 
circuit being broken at the contact K^ The circuit will be completed 
through K-, and the green lamp J^ will be incandesced, showing that the 
circuit-breaker has been properly opened. The positive and negative 'bus 
bars shown at the bottom of the diagram, ^g. 1 49, are excited by secondary 
batteries. The chances of this supply failing are, therefore, very remote. 
It will be seen, however, that, should it fail, none of the circuit-breakers 
will be affected, and the failure will be immediately shown by the extinction 
of the indicating lamps. 

The circuit-breakers may be opened manually by means of a handle 
fitted to the projecting end P of the shaft carrying the ratchet wheel F. 

The use of two circuit-breakers B and D, fig. 145, is to enable either of 
these switches to be tested. If one circuit-breaker only was used, it is 
evident that this could not be closed without connecting the generator on 
to the 'bus bars, but by closing one at a time the operation of the relay 
control may be frequently tested. 

A modification of the switching arrangements at the New York stations 
has recently been installed in the Niagara Falls Power Co.'s new power- 
house. In this case the oil break circuit-breakers C^ C^ are placed over a 
subway which runs parallel with the generators. This subway carries the 
main 'bus bars B^ B-. Fig. 150 shows a sectional elevation across this 
subway. 

The relay controlling switches and indicating instruments are arranged 
on panels A mounted on a raised gallery in the centre of the engine-room. 
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These panels are equipped with dummy 'bus bare similar to those used in 
the New York stations, la this case, however, the iDBtrumentB are 
arrwiged in their proper positions in the dummy "bxa bar circuits. An 
objeotioD raised against the New York system ia that the switchboard 
attendant, in carrying out any switching operations, must first go to the 
operating desk or l>ench-board, as it is termed, and pick out the relay 




, — Section showing general amngement of Niagara switchgear. 



switch required, then taking his eye off this switch, he must select from a 
number of instruments in front of him on entirely separate panels the 
instruments iDvolved in the operation he is about to effect. In the 
Niagara modification of this arrangement each generator or feeder panel 
constitutes a complete unit, and has on it all the instniments, relay 
Bwitohes, and dummy 'bus bars appertaining to that particular generator 
or feeder. The generator field rheostats and field switches are located 
under the switchboard gallery. 



CHAPTER VIII. 

GENERAL ABBANGEMENT OF CONTROLLING APPARATUS 

FOR LOW.TENSION SYSTEMS. 

B.O.T. traction itanel — Newington switchboard — McDonald Road, Edinburgh, switch- 
board — ' Glasgow ' : generator ))ane1s opposite each machine, feeder (tanels arranged 
on gallery above in groups of eight, with alternate groups of positive and negative 
feeders—' Hackney *: generator and feeder panels arranged back to back — ' Willesden * : 
modification of 'Ferranti' high-tension boani, with special selector switches for 
connecting generators to 'bus bars — ' Kelvin and White ' switchboai*d at Glasgow 
Exhibition : )>ositiye and negative panels placed one over the other — * Boston ' 
switchgear, equipped with motor-operated switches. 

Although the design of low-tension boards does not perhaps vary to quite 
the same extent as that of high-tension boards, there are, nevertheless, very 
marked differences in the general arrangement of the switching apparatus 
for controlling low-tension systems. The usual switchboard for low-tension 
three-wire systems, at any rate for small installations, consists of a number 
of slate or marble panels supported on an iron framework, with the instru- 
ments and switches, etc., on the face of the board, and with the 'bus bars 
and connections at the back of the board. The battery controlling switches 
and middle wire switches and instruments are as a rule mounted on a 
panel in the centre of the board, and the positive and negative generator 
and feeder panels are fixed respectively to the right and left of this centre 
panel. 

Board of Trade Traction Panel 

In the case of traction switchboards, the Board of Trade panel is usually 
located in the centre of the switchboard. This panel is equipped with the 
instruments necessary for making and recording the various tests specified 
in the Board of Trade regulations relating to this class of work. Fig. 151 
shows ^fessrs Nalder Bros. <fe Thompson's standard B.O.T. panel A is 
an ammeter for indicating the line leakage of any feeder. It is calibrated 
with two scales, one reading from 001 to -05 ampere, and the second from 
*01 to '5 ampere. B is a two-way switch enabling either of these scales 
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to be used. C is a multiple plug switch through which the leakage- 
indicating ammeter may be plugged on to any feeder. D is a recording 

voltmeter, range to 10 volts, for recording the 
drop of pressure in the return rails. A second 
multiple plug switch C^ is provided for connecting 
this voltmeter to different points on the rails. 
E is a recording ammeter, range to 10 amperes, 
for recording the total earth current, i.e. the total 
leakage from the return rails. This ammeter is 
protected by an automatic switch F that short- 
circuits the instrument in the event of the total 
leakage - current exceeding the range of the 
ammeter. G is an ammeter, range to 10 
amperes, for testing the resistance of the earth 
plate to earth. This ammeter is connected in 
series with three Leclanch($ cells -across the top 
contacts of the double-pole switch H. The 
earth plates, of which there are two, are con- 
nected respectively to the two middle contacts, 
and the earth wire from the recording ammeter 
E is connected to the lower pair of contacts. 
Normally this switch is placed with its handle 
down, thereby connecting the ammeter E to 
both earth plates. To test the resistance of 
the plates, the switch is connected to the upper contacts, the ammeter and 
battery circuit being thus completed through the plates. 




_i. 



Fig. 151.— B.O.T. panel. 



Newington Vestry. 

The switchboard supplied to the Vestry of St Mary, Newington, by 
the General Electric Co., illustrated in fig. 152, is a fairly representative 
example of the general arrangement of a lighting board of the type referred 
to above. A special feature of this design is the method by which the 
panels are supported, the object aimed at by the manufacturers being to 
have a standard series of parts, which could be put together with a 
minimum of labour. The framework of the switchboard is built up of a 
number of cast-iron sections, and the result obtained appears to combine 
strength, flexibility, and unlimited possibilities of extensions. On the 
centre panels are mounted the fifteen-point battery charge and discharge 
switches, also the middle wire connections and metei-s, and the balancer 
instruments and switches. Each of the four dynamo panels to the 
immediate right and left of the centre panel carries a main switch and 
duplicate fuse. The positive panels on the right are also equipj)ed with 
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ammeters, minimum current cutouts, and field regulators, and on the 
negative panels Aron watt-hour meters are fixed. The five positive and 
negative feeder panels at the extreme right and left of the board are pro- 
vided with main switches, duplicate fuses, ammeters and voltmeters. The 
ammeters, in addition to the ampere scale, are calibrated with a volt scale 
showing the pressure required at the station end of the feeder for any given 
current, in order that the pressure at the feeding points may be maintained 
constant without the aid of pilot wires. Elach feeder panel is also equipped 
with a regulating switch for inserting back E.M.F. cells in series with the 
feeder, by means of which the pressure on each feeder is regulated. 

Edinburgh. 

In cases where a large number of generators and feeders have to be 
controlled, it becomes somewhat inconvenient to divide the positive and 
negative apparatus in the manner indicated above. The switchboard at 
the M*^Donald Road station at Edinburgh is an example of one method of 
dealing with this difiicultj. This board was designed by Messrs Kennedy 
& Jenkin, consulting engineers to the undertaking. A separate panel 
is provided for each generator, or feeder, the total width of each i^anel 
being 1 foot 9 inches. Both the positive and negative connections from 
each generator, or feeder, are mounted on the one panel, the positive being 
on the left, and the negative on the right. By this means the attendant 
can see at a glance the state of any of the apparatus controlling a particular 
generator or feeder. Fig. 153 shows in plan and elevation the general 
arrangement of the switchgear and instruments. 

The switchboard gallery, which is placed at one end of the engine-room, 
stretches the whole width of the building. This gallery, which is about 
12 feet above the level of the engine-room fioor, is 12 feet 6 inches wide. 
Of this simce about 6 feet 6 inches is occupied by switches, instruments, 
pillars and hand-wheels, connections, etc. This leaves clear spaces in 
front and behind the panels of about 4 feet and 2 feet respectively. 

All instruments, switches, etc., that require constant attention or 
manipulation are placed on, or controlled from, the main panels above the 
level of the gallery fioor ; but other apparatus, such as dynamo fuses, watt- 
meters, and instruments that only require occasional attention, are aiTanged 
on an extension of the main panels below the gallery fioor. The panels 
consist of polished slate about 2 inches in thickness. 

The main generators, balancers, etc., are arranged end to end in pairs, 
the centre line of each pair being at right angles to the side walls of the 
engine-room. The steam ends of the generators are adjacent to the side 
walls, thus leaving the commutator ends in the centre. A tunnel about 4 
feet wide and 7 feet 6 inches high runs through the centre of the engine-room 
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from end to end. The conductora from each generator are led from the 
dynamo into this tunnel through earthenware pipes ; the; are then carried 
along the walla of the tunnel to the ground-floor panel of the switchboard, 
and are taken up this through the switches and instruments to the vertical 
bars of a three-way 'bus bar connector, by means of which an; generator 
may be connected to either of three pairs of 'bus bars. 

The generators are self exciting, and the pressure is regulated by menus 
of resistances inserted in series with the shunt winding of each generator, 
hung just beneath the switchboard gallery. The necessary regulating 




Fia. 154.~G«iieral arnmgemcDt of LT. generator and feeder 'bus bars at 
the Glasgow lighting sUCion. 

switches are connected directly on to these resistances, and are controlled 
by a hand-wheel on the gallery, communicating with the regulating switch 
below by meana of a spindle carried through the floor. A pointer shows 
the amount of resistance in circuit. 

Some dilliculty was experienced in designing a satisfactory method of 
signalling from the switchboard to the engine drivers, aa no point of the 
station wall could be seen from all the engine atop-Tslves and goveruon. 
This difficulty has been got over by fixing on the top of the main board a 
large iron case containing several oompartmente. An opal glasa in front 
of each compartment forms the front of the case. liehind each glass is 
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painted a number corresponding to each of the generators, boosten, 
etc. Each compartment containa an incandescent lamp, which may be 
Bwitched on and off bj means of a switch attached to the regulating 
reaistance standard of the generator to be signalled. Similar cases, also 
divided into compartments, are fixed near the Btop-valves of the genara- 
tors, etc. These compartments are labelled with instructions such as, 




Fig. ISfi. — Ptwitive generator panel (GlMgow). 

"Start," "Up," " Steaily," "Down," "Stop." It is obvious that the 
figures and words on the opalescent glass will onlj be visible when the 
lamp is lighted behind it. A loud bell draws the driver's attention to the 
fact that the switchboard attendant wishes to communicate with him. 
By looking at the signalling case over the switchboard he sees which 
generator is signalled, and on going to the stop-valve he receives his 
instructions from the signal-box attached to the same. 
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Glasgow. 

The arrangement of switchgear at the Glasgow lighting stations is 
widely different from that to be found in anj other low-tension station. 
This was constructed to the design of Mr W. A. Chamen, the city 
electrical engineer. Fig, 154 illuatratee the general scheme of connections. 




Fio. 156. — Negative genentoT panel (Otugow). 

Positive and negative generator panels A and B are placed on the ground 
floor directly opposite each generator. Connections are nin from these to 
four sets of positive and negative 'bus bars CD supported beneath the 
feeder switchgear gallery. This gallery runs the entire length of the 
engine-room. The feeder panels E F are arranged in sections, each section 
dealing with eight feeders. The sections are arranged alternatively, 
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positive and negative. By this means the positive and negative connections 
are efficiently separated ; at the same time the distance between the positive 
and negative connections to any one feeder does not exceed a few feet. The 
feeder panels are equipped with horizontal and vertical 'bus bars, by means 
of which any feeder may be plugged on to either of the four 'bus bars. 
These 'bus bars may, if desired, be maintained at different pressures, or 
may all be coupled in parallel. 

Figs. 155 and 156 indicate the arrangement of apparatus on the 

positive and negative generator 
panels. The lead from the positive 
terminal of the generator is con- 
nected to one terminal of the main 
circuit-breaker A. The other ter- 
minal of the circuit-breaker is con- 
nected to the top of a duplex fuse. 
This duplex fuse consists of two 
fuses in series, either one of which 
may be short-circuited by the switch 
]i. After leaving the fuse the* 
cuiTent is taken through one of 
the author's discriminating cutouts 
C (see fig. 99). This cutout 
is constructed to open the circuit 
only in the event of its generator 
failing and tending to short circuit 
the 'bus bars. The top of the cutout 
is connected to the centre contact 
of the four-way plug connector D. 
By means of this connector the 
generator may be plugged on to any 
of the four 'bus bars referred to 
above. The arrangement of the 
negative panel is somewhat similar, 
the chief difference being that a 
recording ammeter E is inserted in 
the circuit instead of the discriminating cutout. The details of the plug 
connector are shown in fig. 157. 

This pluj^ consists of a laminated S-shaped contact carried on a removable 
key. The projection at the end of this key fits in the slotted key- way 
mounted in the slate base. The plugs can only be withdrawn by turning 
them through 180 degrees from the position in which they were 
inserted, and they cannot be turned beyond this. Although these plugs 
are not intended for making or breaking the circuit, carbon sparking pieces 





Fig. 157. — Details of Glasgow plug switch. 
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G are fitted on the contact plugs, so that they irill not be injured if current 
18 broken at this point. 

Some of the feeder panels are iUustrated in fig. 158, and a sectional 
view of these feeder panels is shown in fig. 159. Each feeder its conneoted 
to the lower contact plug of the duplex fuse A. Above this is mounted 
the emergency circuit- breaker B. The contacte of this circuit-breaker are 
divided into four blades. Three of these blades are directly conaected to 
the shaft about which they turu, whereas the fourth blade is loose on the 




Section througli feeder |«hp1« {Glasgow). 

shaft By this arrangement a comparatively ijuick break may be obtained. 
The first effect of pulling the operating liandle in to break the circuit 
through the three rigidly connected bladeu, leaving the supply momentarily 
maintained through tlie remaining blade. The circuit is finally broken by 
the loose blade being knocked out by the weight on the end of the operat- 
ing lever To present burning of the contacts, the final spark is taken by 
carbon blocks 

The front panel carries the operating handle of the emergency circuit- 
breaker the contact blocks for the plug coniieotors, and a combined 
recording ammeter and voltmeter for each feeder. The latter extremely 
useful combination was made by Messrs Kelvin and White. The 
advantage of having a daily record of the current and E.M.F. of each 
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feeder ou one chart is obvioua. The rotating drums of these instrunientB are 
all actuated b; a pawl and ratobet movement controlled hj one regulating 
clock situated in the centre of the ewitcbboard gallery. These instruments, 
in addition to recording the current and pressure, also indicate the same 
at each instant on a vertical scale. 



A feature of this ewitcbgear i 



the magnitude of the conducting 
circuits. Provision has been 
made for dealing with no less 
than forty pairs of feeders, 
and each of the feeder con- 
nections is designed to carry 
1000 amperea, with a wide 
margin. All the contact 
blocks, etc., are of solid foiled 
copper, and are very massive. 
It is stated that over 40 tons 
of copjjer were used for the 
main 'Ims bars alone. 

The switchboard gallery 
itself is of novel construction, 
Iwing built of iron and paved 
with glass blocks. The glass 
projects a)>ovo the iron in such 
a maiintT that attendants 
arc thoroughly insulated from 
earth, and the use of rubber 
mats is therefore uuueceesary. 
A further advantage of this 
construction is that the 
generator panels below the 
switchboard gallety are effi- 
ciently lighted. 



Kelvin and White's 
Switchboard. 

Flii. 181.— I'arallpliiig voltmeter. 

The supiily of the whole 
of the current for the Ulasgow International Exhibition in 1900-1 was 
controlled by the switchlxiard illustrated in fig. 160. Panels are provided 
for twelve generators and eight feeders, dealing in all with 3000 amperes. 
The middle panel is fitted with bar and dynamo voltmeters, electro-static 
voltmeters, recording voltmeters, an earth current recorder, middle wire 
and earth am|)ere gauges, voltmeter switches, etc. 
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Balancing and pilot illuminated dial voltmeters are mounted on 
swivel brackets on the top of the switchboard frame. Positive and 
negative panels for each feeder' are mounted, one directly above the other, 
immediately to the right and left of the middle panel, all the positive 
panels being at the top. E^ch positive generator panel is equipped with 
an ammeter and main switch, and each negative panel carries a Ferguson- 
White return current cutout, a dynamo field regulating hand- wheel, and 
a pair of sockets for a Kelvin portable paralleling voltmeter. An 
illustration of this voltmeter is shown in fig. 161. Its use does away 
with a large number of small wires between the paralleling voltmeters 
and switches, which are often a source of trouble. All the positive 
feeder panels are fixed at the left end of the board, and the corresponding 
negative panels at the right end. Each panel is fitted with a switch and 
a combined recording ammeter and voltmeter similar to that described 
above. These recorders are all controlled by the clock erected above the 
top of the board. The whole of the panels are of polished white marble 
carried on a steel framework. 

Ferranti Low-Tension Switchboard. 

Messrs Ferranti have recently turned their attention to constructing 
switchboards for controlling low-tension systems. Fig. 162 is a section 
and front elevation of a portion of a switchboard they have constructed 
to Mr E. T. Ruthven-Murray's specification for the Willesden Corporation. 
The general design of this board is somewhat similar to the standard 
Ferranti high-tension board described in the previous chapter. 

A special feature of the arrangement, suggested by Mr Ruthven- 
Murray^ is the 'bus bar change-over switch for connecting the respective 
generators and feeders to any one pair of the four pairs of 'bus bars pro- 
vided. This arrangement is shown in fig. 162. 

The positive terminal of each generator is connected to the release coil 
A of a maximum and reverse current cutout. This coil is carried in a case, 
which is provided with contacts somewhat on the lines of the standard 
Ferranti fuse. The operation of removing it and replacing it by 
another is, therefore, very simple. The connection to the positive 'bus 
bars D^ D- D^ D* is completed through the switch B, an ammeter C, 
and the four- way switch referred to above. The connection from the 
negative terminal of the dynamo is carried directly to the four-way switch 
E in the top compartment of the switchboard. Voltmeters F for various 
purposes arc mounted above the switchboard. These voltmeters are 
carried on miniature tram rails G, one of these rails being divided into 
sections, and the circuits across which potential readings are required are 
connected to different sections of this divided rail. By merely pushing the 
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voltmeter along these rails to the deeired section any reading required 
may be obtaioed. The generator field ewitchea H and field ammeters J 
are mounted on a panslled desk ia front of the ewitchboard. Hand-wheeb 
K for regulating the field reBiatances are mounted on ahafta connected to 
the rheostats situated below the gallery floor. Receptacles are also 
provided on the top of this desk panel for receiving the contacts of a 
portable paralleling voltmeter L. Somewhat similar panels to the 




FlQ. 162.-~Sectiaa through Willesden L.T. awitchgear. 
generator panels shown in fig. 162 are provided for the feeders, boosters, 
and balancing circuits. 

A section of another Feminti low-tenaton board is shown in fig. 163. 
This board was constructed for the Hackney Corporation to the speci- 
fication of the consulting engineer, Mr Robert Hammond. A feature of 
this board is the back-to-back arrangement of the generator and feeder 
panels. 

The combined main switches and automatic cutouts uaed in the 
generator circuits are of the Ferrsnti loose handle type. Provision is 
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made for plugging each generator feeder on to ao; one of the four pairs of 
'bus bara provided. Fig. 164 is a front view of the generator switchgear. 
The bftttery regulating switches can just be seen at the top of this 




63. — Section througli Haclinej L.T. switchgear. 



photograph, supported from the ceiling over the switchboard gallery. 
These switchee are coutroUed b; handles fixed at the lower extremities of 
vertical shafts supported in the centre of the switchboard. Bevelled 
wheels at the top of these shafts engage with horizontal shafts upon which 



fixed. 

The poaitive and 
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wheels driving the screw shnft of the reguUtiug switches are 
generator panels are fiied respectively to the 




right utid left of the btkttery controlling gear. In addition to the field 
switches on the front of the panelled desk, at the bottom of the switchboard 
two cases are fixed, each containing twenty fuses, in whit'h the feeder pilot 
wires terminate. A twenty-way pilot wire voltmeter switch is fixed above 
each set of fuses. 
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Fig. 165 is a reproduction of a photograph taken from one eud of the 
awitchgear, showing the generator gear on the lefl, and the feeder gear on 
the right of the illustration. 




Itl.'i. — End view of Hackney board, sliowijif; back-tobaelt a: 
gsiirrator and feeder [wnels. 

Boston, TT.S.A., Switchgear. 
An interesting example of American practice in the arrangement of 
w-teiision switchgear is to be aeen at the Atlantic Avenue station, Boston. 
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The generating plant at this station is divided into two distinct engine- 
rooms, and the switches and other controlling apparatus are arranged in a 
separate room. This switchboard room is entirely shut off from the 
engine-rooms, but the switchboard attendant can signal to the attendants 
in either engine-room by means of dial posts of the Cory system of 
engine telegraphs. Each signalling set consists of one disc signifying the 
engine or booster in question, and a second disc denoting the instructions 
to be given regarding that unit. A sectional view of the switch-room is 
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Fig. 166. — Section through Boston L.T. switch -room. 



shown in fig. 166. All the recording and indicating instruments are fixed 
on a gallery running all round the switch-room, the apparatus controlling 
the generators being on the section of the gallery at one end of the room, 
with the feeder panels on each of the side galleries. The actual 
generator switches are placed on the ground floor, and are motor 
controlled by relay switches on an operating desk situated near the 
generator section of the gallery. The operating desk and instruments for 
the generator section are not shown in fig. 166, but the approximate 
position of this apparatus is indicated by the letter A. 
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There are at present forty inotor-driTen m&in generator switches. 
These are arranged in two rowa parallel with the side galleries, there 
being twenty poBitive switches in one row, and twenty negative switches 
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in the other row. Koom is left for two more rows of switches in the 
positions where they are shown dotted. These switches are used to con- 
nect the positive and negative leads ^frotn the generator on to either 
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pair of the five pairs of 'bus bars provided. Each generator lead is con- 
nected to the vertical bar D of one of these switches, and the five 'bus bars 
B^ B^, etc., are run horizontally, one above the other, from end to end of 
each row of switches. These 'bus bars, which are maintained at different 
pressures, are connected by heavy flexible cables to the corresponding 'bus 
bars behind the feeder panels on each side uf the gallery. Connections are 
run from the feeder 'bus bars to the respective contacts of multiple blade 
five- way switches (see fig. 17, Chapter XL). One of these switches is pro- 
vided for each of the positive and negative connections to every feeder. 
Above the feeder switches are ammeters E of both the Weston and 
Thomson astatic types in series with the feeders. The potential at the 
distributing end of the feeders is indicated by pilot wires connected to a 
common voltmeter through a large multiple contact voltmeter switch. 

Some of the large motor-driven switches on the ground floor are 
designed to carry a current of 7000 amperes. The construction of these 
switches is such that it is impossible to connect one generator to two 'bus 
bars simultaneously. If a generator is already connected to one of these 
'bus bars, and the relay switch controlling the motor is put in the position 
to connect this generator to another 'bus bar, the motor will close the second 
switch, but before doing so it will automatically open the switch through 
which the generator was previously connected. These switches are pro- 
vided with a magnetic blow-out which breaks any arc that may be formed 
on opening the switch. 

A general view of the switchboard room, taken from the operating desk, 
is shown in fig. 167. 



CHAPTER IX. 
EXAMPLES OF COMPLETE INSTALLATIONS. 

* Edinburgh ' : low-tension continuous current three-wire system; general arrangement 
of apparatus, method of obtaining different pressures for long and short feeders, 
battery charging and regulating arrangements, and signalling arrangements — 
* Hull ' : high-tension, constant pressure, continuous current system ; rotary trans- 
formers in sub-stations controlled by special long-distance switches and pilot 
wires from generating station — 'Hastings': single phase, alternating current 
system ; construction, general arrangement, and equipment of sub-stations ; area of 
supply divided into two large networks, each network being subdivided into a 
number of small networks interconnected at sub-stations only ; arrangements for 
cutting off the whole of the high-tension feeders and transformers daring the hours 
of light load. 

It would be quite beyond the limited scope of this work to fully describe 
the large number of various systems of electrical distribution in use at the 
present time. An attempt will, however, be made in this chapter to briefly 
indicate the broad principles underlying some of the different systems. 

A few years ago there were practically only two systems of distribution, 
namely, the low-tension continuous current system, and the high-tension 
alternating current system. It was thought by many at that time that 
the former system could only be efficiently used for very small and com- 
pact areas of supply. Within recent years the field for low-tension dis- 
tribution has been enormously increased, in the first place by the use of 
the three- wire system of distribution, invented by the late Dr John 
Hopkinson, and in the second place by the commercial introduction of 
the 200- volt lamp. The object of both these improvements has been to 
increase the pressure of distribution. 

The effect of doubling the pressure is of far greater importance than 
appears at first sight. The area that can be efficiently supplied by a given 
pressure is limited by the difficulties of regulation, the Board of Trade 
regulations stipulating that the maximum variation of pressure from the 
declared pressure shall not exceed 2 per cent. 
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Now, with a given load, the effect of doubling the pressure in any con- 
ductor is to halve the current density. The voltage drop per 100 yards 
run is therefore halved, and as a consequence the length of the conductor 
may be doubled for a given drop of pressure; but if the declared 
pressure is also doubled^ the voltage drop in the conductor may also be 
doubled without exceeding the stipulated percentage variation of pressure. 
It will be seen, therefore, that the effect of doubling the pressure is to 
permit the use of feeders four times the original length. If the 
generating station is situated in the centre of the area of supply, this 
station can efficiently supply at a declared pressure of 200 volts an 
area sixteen times as great as it could deal with at a declared pressure 
of 100 volts. 

By the use of the three-wire system referred to above the difference of 
potential between the conductors may be doubled without increasing the 
declared pressure across consumers' lamps, or if desired, this system may be 
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Fio. 168. — Diagram illustrating three-wire system of distribution and method 

of boosting up pressure for long feeders. 

combined with the use of high- voltage lamps, and the efficient area of 
supply correspondingly increased. By means of the three-wire system con- 
sumers' lamps are virtually connected two in series, as indicated diagram- 
matically in fig. 168. For this purpose installations have to be balanced 
so that the load directly connected to one main shall be approximately 
equal to the losul directly connected to the other main. 

It is, of course, impossible in practice to arrange that these loads exactly 
balance each other under all conditions ; if, therefore, lamps were coupled in 
this way across a two-wire system, it is obvious that the resistance of the 
lamps on the side most heavily loaded will be considerably lower than the 
resistance of the lighter load, and as a consequence the E.M.F. across the 
latter will be much higher than across the former, and the maximum per- 
missible variation of pressure will in consequence be greatly exceeded. To 
overcome this difficulty, Dr Hopkinson suggested that the common point 
of connection between the lamps in series should be connected to a third 
wire, carried back to the generating station, and that two small generators 
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coupled in series should be provided to supply the out-of-balance current. 
If, for instance, in fig. 168 the load between the positive conductor and 
middle wire is 2200 amperes, and that between the negative conductor 
and middle wire is 2000 amperes, the main generators A and B will supply 
the balanced current of 2000 amperes on the positive side, and the balancer 
C^ will supply the 200 amperes out-of-balance current on this side. If 
now 400 amperes is switched off the positive side, and the load on the 
negative side remains as above, the main generators A and B will now 
be required to supply the 1800 amperes balanced load^ and the negative 
generator C^ will supply the 200 amperes out-of-balance current on 
this side. 

It is obvious that the middle wire is only required to carry the out-of- 
balance current, and as a consequence the sectional area may be very much 
less than that of the outer wires. In many cases the middle wires are not 
brought back to the generating station, two-wire feeders being used, and 
the balancing generators are driven by motors situated at convenient 
centres in the distributing areas. 

In very large and heavily loaded districts it is customary to provide 
two or more sets of 'bus bars in the generating station, and to maintain 
these at different pressures. The very long feeders F^ F^, fig. 168, 
supplying outlying districts are connected to 'bus bars at higher pressures, 
and a drop of pressure considerably greater than the variation allowed 
by the Board of Trade regulations is then permissible, as these regulations 
only refer to the variation at consumers' terminals. The higher pressure 
on these 'bus bars may be maintained either by connecting them to 
independent generators E, or by inserting boosters D^ D^ between the sets 
of 'bus bars, these boosters being constructed to give the few extra volts 
required. 

Edinburgh (Low-Tension Direct Current). 

fkiinburgh is supplied by two distinct generating stations a considerable 
distance apart. Both stations feed, however, the same common area 
of supply, and are therefore interconnected. The details given below 
refer particularly to the station at McDonald Road. 

Fig. 169 is a diagram of the connections between the generators, main 
'bus bars, and feeders. The generators G are coupled to the main 'bus 
bars through an ampere hour-meter A, double-pole duplex fuses F^ F^, 
double-pole carbon break switches S^ S^, a dynamo ammeter D^, and plug 
'bus bar connectors P^ P-. 

A multiple way voltmeter switch K is connected to each terminal of 
the double-pole main switch, by means of which a pair of voltmeters V^ V^, 
common to all generators, may, by one movement of this switch, be con- 
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nected reBpeetively across the poles of the generator and the "bus bars on 
which the };enerator is plugged. The advantage of this anaDgemont is 
that there is no chauce of the voltage of the wrong bars being taken. 
To connect a generator on to the 'bus bam, the KM.F. of the incoming 
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B adjusted until both voltincterti read alike. The main switch 
ia then closed. 

It will be obvious, on referring to fig. 1C9, that the siiuultaneous closing 
of any two voltmeter switches connected to the one pair of voltmeters 
would parallel the generators through this counoction. To prevent this 
the voltmeter switches are so constructed that they can only be turned on 
aud ofl' by a key, and only one such key is provided for each pair of volt- 
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meten. As this key cannot be withdrawn when a switch is closed, it is 
impossible to close two switches simultaneously. 

The dynamo fuses are arranged with double contacts, so that, if it is 
required to examine a fuse or to increase or decrease the sectional area of 
a fuse when the particular generator to which it is connected is working, 
it is merely necessary to insert another fuse before withdrawing the one 
to be altered. 

The feeders are equipped on each pole with single-pole carbon break 
switches S^ S^ the positive and negative switches being capable of 
separate and independent control. Thus a feeder may be disconnected 
on the positive side, and left connected on the negative side, or vice 
versa. 

The feeders are taken from the 'bus bars through the ammeters 
D2 D' and single-pole switches referred to above from the top of the 
board to the wall behind the panels; they are then carried along the 
surface of the wall, and finally run down into the feeder tunnel. This 
tunnel extends about a mile towards the centre of the city. From the 
further end of this the feeders are taken to different points of the dis- 
tributing network. 

No fuses or cutouts are used on the feeders. Each feeder switch is, 
however, shunted by a light fuse F^ F**. This fuse momentarily carries the 
current after the main switch is opened, and is intended to interrupt any 
are formed on opening a heavily loaded circuit. 

The middle wire or earthed conductor L^, fig. 170, generally called the 
third wire, is brought in through an ammeter DS and is connected to the 
third wire 'bus bar. This is in turn connected to earth through an 
ammeter J)^ and meter A^ 

Any feeder may be connected on to either of the three pairs of 
'bus bars by means of flexible cables and coned connectors C^ C^ C*, fig. 
169. All the feeders within . a certain radius are connected to the 
middle *bus bars B^, and the longer feeders are connected to the top 
bars B^ These bars are in consequence termed, respectively^ the short 
bars and the long bars. The third or bottom bars B^ are reserved as 
spare bars. 

When the feeders are fully loaded it is necessary to maintain a consider- 
ably higher pressure across the long feeders than is required across the short 
feeders, to allow for a greater drop of pressure in the former, due to their 
increased length (see fig. 168). This is provided for by running the long 
bars at higher pressure than the short bars ; for instance, in order to 
obtain an even pressure throughout the entire system of distribution, it 
may be necessary to supply the long feeders at a pressure of, say, 540 
volts, while the short feeders only require 500 volts. This increased 
pressure may, of course, be obtained by regulating the generators connected 
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to the long bars to t^ve a higher E.M.F. than those connected to the short 
bars. It is obvious that the increased drop referred to will only occur 
during the lioura of heavy load ; that is to say, tor many hours every day 
the prosaure required across the long bars will be identical with that across 
the short bars, and during these hours it will be neither necessary nor 
advisable to run two systems. To obviate so doing, ]iositive and negative 
bar connecting switch panels are provided. These are equipped with bar 
coupling switches S* S", iig. 170, aminetera D" D", fuses, three-way plug 
connectors, and voltmeters, the coiinectious being as shown in tig. 170. 




. 170. — Ci>ii II actions oflar coupling and enrth ]iiiiiaU (E<l hi burgh). 
In this, as in all other oases, positive and ne};ative coniicctiona are both 
mounted on one panel; they arc, however, fibuwn separate in Iig. 170, 
with the object of attaining greater diagrammatic clearness. 

During the hours of light load, plugs are inserted as shown black in 
fig. 170, and the bar coupling switches are closed. Under these conditions 
the long and short bars may be treated as one liar ; consequently all the 
feeders may, if the load is small enough, be supplied from one generator. 
When it becomes necessary to raise the pressure of the supply to the long 
feeders, the generators are plugged on to both long and short bars, and 
made to take their proper proportions of load, until the ammeters D^ on 
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the bar coupling panels fall to zero. The bar coupling switches are then 
opened, and the supply to the two systems is kept entirely separate. 
Each system may now be regulated to give the required pressure at the 
feeding points. 

The bars may be again reconnected when the load has fallen suffi- 
ciently to make it unnecessary to maintain two different pressures at the 
generating station. For this purpose the voltage across the long and short 
bars is adjusted until the readings are identical; this is shown by the 
voltmeters V^ V^ connected across the top and bottom of the bar coupling 
switches falling to zero. When this occurs the coupling switches may 
be closed. 

It may sometimes occur that the load on, say^ the positive long bar 
drops sufficiently to enable the long and short bars to be coupled on the 
positive side some considerable time before it is possible to couple the 
negative bars ; in that case the positive bars may be connected and the 
long bar on the negative side left disconnected from the negative short 
bar, and maintained at the higher pressure required. 

It will appear from the above that it may be frequently necessary to 
run a generator on each system only half loaded ; that is to say, this double 
system may involve the running of an additional generator to that which 
would be rer^uired if the whole of the feeders were supplied at one 
pressure. To reduce the loss this would entail, equalising boosters are 
provided. The connections to these equalisers arc shown in fig. 171. 

A motor M is connected, through a motor-starting switch S S, fuses, 
etc., across the positive and negative short 'bus bars. Small generators 
G^ G^ are coupled on to each end of the shaft of this motor, these generators 
being each capable of generating 800 amperes at 25 volts. Arrangements 
are provided for connecting one generator between the long and short 
bars on the positive side, and the other between the long and short bars 
on the negative side. 

Let it be supposed that the total output of the station at a given time 
is 6000 amperes, and that of this, 2400 amperes are being supplied to 
the long bars at a pressure of 540 volts, and 3400 amperes to the short 
bars at a pressure of 500 volts. Let it further be assumed that the 
output of the generators is 1000 amperes each. To meet the above 
demand it will be necessary to run three generators on the long bars 
and four generators on the short bars — that is to say, altogether seven 
generators will be required ; whereas, if the two bars were coupled to- 
gether, the whole of the work could be done by six generators. Obviously 
what is required is that 400 amperes be taken off the long bars and put 
on to the short bars ; it will then only be necessary to run two generators, 
instead of three, on the long bars. The way in which this transference 
is effected will be understood on reference to fig. 171. 
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The motor of the equalising booster is run up to Bpeed bj cloeiog 
the motor-Btarting switches S S. The field switch F' of, say, the 
poaitive generator is then closed, and the reaistnnce in series with 
the field of this generator is adjusted until the pressure across it is 
identical with the difference of pressure between the long and short 
poeitive 'bus bars, as indicated by the two 'bus bar and booster 
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voltmeters V V* connected across the main switches. Wbea this 
occurs the switches S' S* connecting the booster between the long 
and short bars on the positive side may be closed. The resist- 
ance in series with the field of tliis generator may now be further 
reduced until the ammeter in the booster circuit indicates that 
the 400 amperes required are being supplied to the long bar from 
the short bar The above operation is then repeated on the negative 



aide. 
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If the efficiency of the equalising booster be, say, 80 per cent., the 
total load on the short bars will now be as follows : — 

Current supplied to the short feeders .... 3400 amperes. 
Current supplied through the booster to the long 

feeders 400 „ 

Current taken by motor when boosting up, 400 

amperes, 40 volts, at an efficiency of 80 per cent. 40 ,, 



Total current to be supplied by generators connected 

to short bars 3840 amperes. 

Whereas the load on the long bars will now be reduced as follows : — 

Current supplied to the long feeders . ... . 2400 amperes. 
Less current received from the short bars . . . 400 „ 



Total current supplied by generators feeding long bars 2000 amperes. 

Thus it will be seen two generators only will be required for the long 
bars and four generators for the short bars, namely, a total of six, instead 
of seven which would be required if the equalisers were not used. 

The method of connecting up the balancers required in connection 
with this system should be noted. The connections are so arranged 
that either of the balancing generators can be switched on to either of 
the positive or negative bars connected to the long or short feeders. 

With the plugs arranged as shown in fig. 172, the left-hand generator 
in the diagram is connected between the long negative and neutral bars, 
whereas the right-hand generator is connected between the long positive 
and neutral bars. If the change-over plugs were inserted in the top 
holes instead of the second holes, the left-hand generator would then 
become the positive and the right-hand one the negative generator. Two 
such panels provide for the connection of one pair of balancers to the 
long bars, and another pair to the short bars, or all four balancers may be 
connected to one set of bars.. 

It will appear, on referring to fig. 172, that the insertion of one change- 
over plug in the top hole Y, when a second plug is in the middle hole X, 
will cause a short circuit across this generator. To provide against this 
a guard slab is arranged to slide over the change-over plug holes in such 
a manner that it is impossible to insert a second pair of plugs before 
withdrawing the first pair. 

When the guard is in the position in which it is shown in fig. 173, the 
plugs may be inserted in the middle holes. To insert plugs in the top or 
bottom holes, the guard slab must be shifted to the left or to the right, 
and this cannot be done until both the plugs have been withdrawn from 
the middle holes. 
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The bftttericB, of which there are two, are connected up ae shown in 
fig. 174. Each battery ooDsistB of 14U cells. The batteries are joiDed in 
series, one (H) being connected between the positive bars and the third 
wire, and the other (J) between the latter and the negative bars. Con- 
uectioDS from thirty regulating cells H* J', on the extreme end of eacli 
battery, are brought to four regulating switchea I' I'^ I* I* (two on each 
pole). These switches are fixed in a glass house in the battery-room, which 
is some distance away from the main switchboard. They are nevertheless 
CODtrolIed from the switch gallery. Each regulating switch is mechani- 
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oally connected to a hand-wheel (see fig. 153) on the switch gallery by 
means of a ateel wire maintained in constant tension, and run through an 
iron pipe to prevent sagging. The construction is such that a complete 
turn of the controlling handle just cuts one cell in or out. An indicator 
on the wheel shows the number of cells in cireuil. 

The movable contacts of the regulating switches are provided with 
pilot contacts; these are connected to the main contacts through 
resistances, to prevent the cells being short circuited when moving from 
one contact to the next. If by accident the movable contact should be 
left in an intermediate position, the charge or discharge current will 
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pass through this resistance. To obviate trouble from this cause a 
relay is shunted across the resistance, and this, when current is passing 
through the resistance, closes a local circuit and rings a bell on the switch 
gallery. 

The object of the two regulating switches on each pole is to enable 
the battery to be simultaneously connected across two distinct systems 
requiring different pressures and independent regulation. Thus in fig. 
174, 138 cells are connected across the long positive bar and the third 
wire, and 138 cells between the latter and the long negative bar; 
whereas only 113 cells are connected on each side between the short 
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Fio. 173.— Guard slate for plugs. 

bars and third wire. It will be evident that all cells up to 113 are 
being discharged at the rate of the current supplied to the short bars, 
plus the current supplied to the long bars; whereas cells 113 to 138 are 
being discharged at the rate of the supply to the long bars only. 

The ammeters D^ D^ (fig. 174) between the regulating switches and the 
positive and negative 'bus bars show the rate of discharge or charge to or 
from the long or short bars, and the ammeters I)^^ D^^ between the battery 
and the third wire show the total rate of charge or discharge. 

Separate cables Q^ Q- are run from the third wire side of each battery 
to the switchboard^ so that the batteries can be entirely disconnected 
from each other. 

To charge the batteries, boosters T^ T^ are inserted in series with the 
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connection to the third wire. T^ or T^ is plugged on, and its two switches 
closed, thus connecting it across the main disconnecting switch S^ or S^^ on 
the third wire. The motor M^ or M*-^ driving this booster is then run up to 
speed, and the main switch S^ or 8^^ is opened, the unexcited armature 
winding thus becoming part of the battery circuit ; by exciting the field of 
the generator, and by varying the resistance in circuit with it, any desired 
pressure may be added to the 'bus bar voltage. 

£ither of the two boosters provided may, by means of the plug con- 
nectors, be connected in series with either battery. If plugged as shown 
in fig. 174^ the right-hand booster in the diagram is connected in series 
with the positive, and the left-hand booster with the negative battery. 
If the plugs were inserted in the top holes, the above arrangement would 
be reversed. By plugging the boosters on to the bottom contacts they 
may be used as balancing equalisers. 

Hull (High-Tension Direct Current). 

In districts where the area of supply is very scattered, and there is 
a considerable demand for power, some engineers advocate the use of a 
high-tension direct current, constant pressure system. This system is in 
successful operation at Hull, Oxford, and a few other towns in this 
country. Current is generated at a pressure of from 2000 to 3000 volts, 
and is transmitted to sub-stations at this pressure, and there transformed 
down by rotary continuous current convertors to a pressure of 400 volts, 
and distributed as such on the three- wire system. 

The general system of control is illustrated diagrammatically in fig. 175. 
Each generator D is connected to the main 'bus bars through a double- 
pole return current circuit-breaker E. From these 'bus bars a number of 
concentric feeders are rim to a corresponding number of transformers 
grouped in sub-stations at different points of the area of supply, there 
usually being four or five transformers in each sub-station. Each feeder is 
connected directly on to the terminals of its transformer ; that is to say, there 
are no high-tension circuit-breakers in the sub-stations. In the generating 
station a feeder panel is provided for each feeder or transformer. This 
panel is equipped with a voltmeter F for indicating through pilot wires 
the pressure at the feeding point, an ammeter G, a double- ix)le automatic 
excess current circuit-breaker H, and a regulating switch a b c. The 
regulating switch is divided into two distinct halves. One half, ah, cuts in 
or out a fine wire resistance used for starting purposes only ; whereas the 
other half, he, controls a much heavier resistance, a portion of which may 
always be left in circuit for obtaining an accurate regulation of pressure at 
the feeding point when running under load. There are also two pilot- 
wire switches, one of which, J, is used for connecting the voltmeter across 
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the distributing BjBtem, or acroee the tow-tensioD temuiials of the trans- 
former, before the latter ia counected to the diatributiug ajatem, and the 
other, K, for controlliug through the pilot wires the low-tension switch S 
ill the substation. 

To start up a trausfonner the voltmeter switch J ia placed in contact 




■GonBral Byitem of control (Hull), 



with the upper stud, to ascertain the presaure across the low-teuaion 'bus 
bars in the substation, and this pressure is noted. The switch is then 
changed over to the lower contact. This will now show the pressure 
across the low-teuaion terminals of the transformer. The whole of the 
starting and regulating resistance is inserted in aeriea with the feeder by 
means of the regulating switch, and the double-pole circuits breaker H is 
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then closed ; this completes the circuit through the primary of the trans- 
former. The starting resistance is then slowly cut out. An increase of 
the current causes the armature of the transformer to rotate as an ordinary 
series motor. As the back E.M.F. of the motor increases with the speed, 
the starting resistance is further cut out. At first the field magnets of the 
transformer are excited by the series winding only, but as the armature 
gains speed the field due to the series is supplemented by a current in the 
shunt winding generated by the secondary winding on the rotating arma- 
ture. When the E.M.F. across the secondary terminals of the transformer 
has risen to about 75 per cent, of its normal pressure, the plunger L of the 
automatic cutout M is drawn down, and the series winding of the trans- 
former is thus short-circuited ; the transformer then continues to run as a 
shunt wound motor. The starting resistance is then further reduced until 
the voltmeter indicates a pressure across the secondary terminals of the 
transformer identical with the pressure previously noted across the distri- 
buting 'bus bars. When this balance of pressure is obtained the switch S 
is closed between the secondary terminals of the transformer and the low- 
tension 'bus bars. The starting resistance is finally further cut out until 
the transformer is taking its proper share of the load, as indicated by the 
ammeter G. 

The switch S is closed from the generating station by means of the 
pilot switch K, It will be seen from the diagram that by closing the 
switch K a circuit is completed through the operating coil of the switch S. 
An illustration of this long distance switch is shown in fig. 176. A very 
powerful iron-clad coil C lifts a heavily weighted armature when its circuit 
is closed. This armature carries a light metal framework, to which are 
fixed two pawls P and P^ These pawls engage in a ratchet tooth wheel T. 
When the armature and framework are drawn up by the attraction of the 
magnet, the pawl P engages in one tooth of the ratchet wheel, and rotates 
this in a clockwise direction through an angle of 45 degrees. Upon the 
circuit through the magnet being broken the armature falls by gravity, 
and the pawl P^ engages in another tooth of the ratchet wheel, and 
rotates this, also in a clockwise direction, through a further angle of 
45 degrees. The ratchet wheel may thus be constantly rotated in one 
direction by repeatedly making and breaking the circuit of the operating 
magnet. 

An arm D, carrying rollers R and R\ is rigidly fixed to the ratchet wheel, 
and when this is rotated through an angle of 45 degrees from the position 
in which it is shown the roller R^ comes in contact with and closes the arm 
E, carrying the short-circuiting contacts. The second movement of the 
ratchet wheel carries R^ away from E, and would allow the spring S to pull 
the contact arm out of the closed position, but this movement is prevented 
by the catch G. The third movement, however, causes the roller R to 
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come in contact with and to lift the catch G, and thus allows the oonloct 
arm to be pulled out of the closed position bj the spring S. The catch 
should also be released by the armature of the magnet M, in the event of 
a heavy current flowing book from the secondary 'bus bare iuto the low- 
teoeion winding of the transformer. This cutout magnet is wound with 
two windings, one of these windings being in series with the oouuection 
between the transformer and the 'bus bars, and the other being connected 
across the 'bus bars. So long as the generator is supplying current to the 




Fio. 17S. — Long distance switch. 

'bus bars these two windings neutralise each other, and there is conse- 
quently little or no magnetic pull upon the armature. If, however, current 
should return from the 'bus bare to the generator, the two windings will 
assist each other to magnetise the core of the magnet, and the armature 
will be attracted up, and will, with a smart blow, trip the catch 
holding the switch in its closed position. This long distance switch is 
constructed on such thoroughly mechanical lines that there is perhaps 
little chance of ita failing. Should it do so, however, the attendant 
at the generating station will be able to detect it by noticing the 
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behaviour of the ammeter and voltmeter connected to this particular 
feeder, and will then send a man to this sub-station to operate the switch 
by hand. 

The low- tension current is distributed on the three-wire system. Some 
of the transformers are connected directly across the 400-Yolt wires, but 
other transformers are wound to give 200 volts only^ and are connected 
between the outer and middle wires of the system. The latter are used 
as balancing transformers. 



Hastings (Single-phase Alternating Current System). 

In many towns the area of supply is of such a scattered nature that 
distribution cannot bo effected economically even by aid of the three-wire 
system, at pressures of less than 500 volts, and the demand for motors 
is, and always will be, so extremely limited that the installation of a H.T. 
continuous current system or of a polyphase system is not justifiable. 
Hastings and St Leonards, being purely residential districts, are typical 
examples of such an area of supply. It is generally admitted that for 
distributing electricity to such a district the single-phase alternating 
current system is most eminently suited. 

Current is generated at Hastings at a pressure of 2200 volts, and is 
fed to convenient centres throughout the area of supply, and there 
transformed down to the pressure required. Until a few years ago the 
pressure was reduced to 100 volts by a large number of transformers 
placed on consumers* premises or in transformer chambers under the 
streets. This was, however, far from satisfactory. Quite apart from the 
risks of fire, etc., the arrangement was very inefficient, as the magnetising 
current losses in so many transformers were very heavy. The controlling 
arrangements were also very unsatisfactory, as the transformer switches 
and fuses were all placed in the transformer cases, and consequently when a 
transformer failed it often set up an arc which short-circuited the switches 
and fuses ; and as no other means was provided for isolating the fault, 
a complete shut-down was often rendered necessary. 

In view of the difficulties referred to above, it was decided to group 
the transformers in a few properly equipped sub-stations. To limit the 
number of sub-stations, the supply to consumers' lamps was increased 
from 100 to 200 volts, and triple concentric distributors were laid, 
to permit of distribution on the three-wire system with 400 volts across 
the outer conductors. Thus it was found possible to economically 
arrange the sub-stations from half a mile to three-quarters of a mile 
apart. 

At the time these alterations were made it was the common practice 
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to place sub-stations under ground, the usual means of entrance being 
through a trap door. The author was strongly opposed to this practice, 
and made a great effort to keep all the sub-stations at Hastings above 
ground, so that they could be entered for inspection by merely unlocking 
an ordinary door. Some considerable difficulty was experienced in getting 
all the necessary sites in the centres required, but they were ultimately 
secured, and the result has more than justified the effort. 

Sufficient attention has not always been paid to the arrangement of 
conductors in sub-stations. These are often bunched together without 
any attempt to keep them in any sort of order. As a result, when a fault 
occurs, a considerable amoimt of time is wasted in tracing out the con- 
nections. The leads to and from the feeders, distributors, transformers, 
and controlling apparatus should be arranged m such a manner that the 
purpose of each can be seen at a glance. 

Figs. 177 and 178 show the H.T. and L.T. sides of one of the 
Hastings sub-stations, and fig. 179 is a diagram of connections. All the 
H.T. cables are encased in steel tubes cleated to the wall, so as to be clearly 
diagrammatical. The tubes containing the inner wires are painted red, and 
the outer or earthed wires black. The H.T. 'bus bars are fed by two 
distinct feeders connected in parallel through a discriminating choking 
coil (see Chapter V.). 

The transformer fuses are mounted on two panels fixed to the wall, a 
separate panel being provided for each half of the station. The failure 
of a fuse, causing an arc, on one panel is therefore not liable to affect the 
other panel. A hinged guard slate, which normally covers the fuse 
contacts and H.T. 'bus bar, may, on removing the fuse plugs, be lifted 
for examining the contacts. 

The transformers are arranged in pairs, the secondaries being wound for 
200 volts, and coupled in series to give 400 volts across the outer conductors 
of the three- wire system. A single conductor is run from the connection 
between each pair of transformers to the neutral 'bus bar to which the 
outer conductor of each triple concentric distributor is directly connected. 
The outer terminals of each pair of transformers are connected to the 
L.T. 'bus bars through a concentric cable, and a discriminating cutout 
is inserted in series with each conductor. The advantage of using a 
concentric cable for this purpose is that it entirely prevents any risk of 
a mistake being made in making or altering the connections — such, for 
instance, as an inner lead being connected to an outer 'bus bar. 

Ammeters, a three-wire wattmeter, and a double pole switch are inserted 
in the L.T. 'bus bars between the transformers and the distributors. A 
comparison of these sub-station wattmeters with the generating station 
wattmeters and with the sum of the consumers* meters shows the difference 
between the secondary units distributed and the primary units generated, 

13 
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and between the former and the imita sold. The main switch enables the 
substation to be ilisconnected from the distributing network on the 
secondary side without opening all the transformer Bwitihes. 




Fi.;. 177. -High-tension Bide, HastinKB sub-aUtion. 

The diatributors are divided into two distinct networks, eacli large net- 
work consisting of a group of small networks interconnected thi-ough 
fuses only at the sub-stations. Thus in fig. I BO the small network C is only 
connected to adjoining networks at the snb-atationi* A and B. 
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Thia armngemeut has maay advantages. lu the firut place, ahoiild a 
low-tension short circuit occur on an; distributor, the fuses at each end 
of the smull network are blown, and the fault is isolated from the rest of 
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Flo. 178.— Lowtenaion aide, HMtinga buT)- station. 
the system. This, ia addition to limiting the eflect of the failure, greatly 
simplifies the work of localising the fault. It will be seen that each 
small network is connected, either directly or indirectly, to a sub-station 
adjoining the generating station. This one substation may be supplied 
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Fiu. 179.— Diagram orconDectiouB of it sub-sutioa (Hutings). 
KDi) A', high-teuHioa feedera supplying sub-statioii ; B, diBcrimiuatlDg ohokiog 
coil ; C aod C, awitches for disconnecting either feeder ; D, discriminating tnns- 
former foT operating switchea C and C ; E, high-tcneiou "bus bars ; F, F', F*, etc., 
high-tenaion fiiaes i 0, G', G', etc, 20 kilo-wait tranafonuere ; H and H', low- 
tension diecrimuuktiiig cutouts; I and I', low-tension 'bus bars; J aad J', main 
ammatets ; K, main three*wa; wattmeter ; L, double pole main switch, for diacoD- 
necting aecondarics of tranafonners fnra diatributing 'bus bars; M, M, sod M, 
diittibuting 'bus ban ; N and N, fusee oa distribatots. 
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from a small day load plant at the generating station, the current from 
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the plant being conveyed directly to the transformers without going 
through the main switchboard. This enables the whole of the high- 
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tension system to be shut down during the hours of light load, thus 
entirely preventing the usual heavy losses in magnetising current and 
cable-charging current ; and, what is, perhaps, of even greater importance, 
the necessity of working on live high-tension connectors is entirely avoided. 
It may be thought that the drop of pressure when feeding through the 
distributors alone would be prohibitive. As a matter of fact, the day 
load during the long summer days is less than 10 per cent, of the maximum 
night load, and consequently the distributors will transmit the current 
ten times the distance with the same drop of pressure. 

To switch off the H.T. system, the main L.T. switches in each sub-station 
are first opened, thus disconnecting the secondaries of the transformers 
from the L.T. network. The sub-station at the works is then changed 
over to the day load plant, and the whole of the H.T. system is shut down. 
To change back again, the H.T. cables and transformers are run up to 
full pressure and the L.T. sub-station switches are closed. These switches 
may be closed through pilot wires run from each sub-station to the 
generating station. A pilot wire board at the works is equipped with 
small switches for operating the main sub-station switches, with lamps on 
each pilot wire which are extinguished should a transformer break down 
and cause its discriminating cutout to operate, and with a static voltmeter 
by means of which the distributing pressure at any sub-station may be 
ascertained. 

£ach sub-station is connected by a private telephone line to the works 
and to other sub-stations. 



CHAPTER X. 
LONG DISTANCE TEANSMISSION. 

DeterminatioD of line pressure— The use of copper, aluminium, or steel for overhead 
conductors — Wooden or steel (losts for transmission lines — Insulators, glass and 
porcelain — Leading in wires — Cable charging devices — Pressure rises due to open 
air arcs — Lightning arresters: * Thomson,' * Siemens,' *Wurtz,' and 'Stanley' — 
Arrangement of choking coils and lightning arrestors— Requirements that should 
be fulfilled by lightning arrestors — £arthed guard wire for lightning protection- 
Regulation of pressure, ' Cowan-Still ' regulating transformer — ' Pademo * three-phase 
transmission scheme— *Thury's' E.H.T. constant current system; simplicity of 
controlling arrangements ; regulation of motors ; excess potential cutout — 
Valtellina Electric Railway ; motors coupled in cascade. 

If there is one field, more than any other, in which electricity stands 
unrivalled, it is in the transmission of energy over long distances. The 
commercial transmission of large powers over lines from 100 to 300 
miles in length is now a matter of daily occurrence, both in Europe and 
America, particularly on the West Pacific coast ; one of the most notable 
instances being the Standard Bay Counties line, carried out by the Stanley 
Electric Manufacturing Co., under the supervision of Dr Perrine. 

In this country the demand for such schemes has not, so far, arisen, 
and is not likely ever to do so ; it is, in fact, probable that the use of long 
distance transmission lines will here be confined to electric railway work, 
though lines of moderate length will doubtless be largely used by some of 
the power distributing companies. 

Long distance transmission, to be a commercial success, entails the use 
of overhead wires, and the working at very high pressures. Both 
these factors intro<luce problems in connection with the controlling 
arrangements that do not arise, at least to the same extent, when 
working underground cables at moderate pressures. 

Determination of Line Pressure. — One of the first questions to be deter- 
mined upon is the line pressure. A rough and ready rule suggested by 
Mr C. F. Scott, for determining the most economical pressure^ is that the 
pressure in thousands of volts should equal one- third of the number of miles 
over which energy is to be transmitted. 
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Conductors. — Overhead couductora are usually of copper, though 
aluminium bos been employed in several transmiaaion schemes. The latter 
has a higher tensile strength than copper, compared to its specific gcavitjr, 




but its conductivity per square inch section is lower, and consequently 
the surFace exposed to wind pressure is considerably greatet-. 

Dr Perrine in his book on Comluciort for Electrical Dintribulion givea the 
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following relative values of co|)per and aluniiuium for a given length and 
reaistaoee : — 

Cvn'H. Alunilnlam. 

]^.'r<'enl. Percent. 

Diamuter lOa 127 

Area inu 184 

TonsilK Btrengtli 100 (S3 

Sjiecifio gravity 100 SO 

For crossing largo rivers wlicrt: tlicio ate nu bridges oist steel wire is 
used, on account of its higli tensile strength. In these cases the high 
resistance oF this wire is not an Important factcu', considering the short 
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IcDgths employed. Such spans have been erected in Egypt and India 
exceeding a mile in length. 

Posts. — The posts for supporting the overheail lines may be wooden 
or steel structures. Both are largely used. Fig. 181, reproduced from 
a photograph of the tninsDiission line between Pademo and Milan, is an 
example of the latter construction. The two lines of posts carry between 
them six paruUel three-phase lines — eighteen 9-mm. wires in all. The 
distance between the supports is about 200 feet, and the total length of 
line is about 20 miles, the pressure of the supply being 13,600 volts. 

Fig. 182 shows the wooden poets of the Hudson River power 
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transniisBioa line. These are of chestnut, &nd are from 30 to 60 feet high. 
The 35-foot posts are about 14J incheB diameter at the ground level, and 
about 7J inches at the top. They are spaced from 50 to 100 feet apart. 

The author was informed by an engineer who had carried out some of 
the lai^e trausmiseioii schemes in the States that the cost of a steel post 
line is little, if any, greater than that of a wooden post line. 

lUBUlators. — Considerable difficulty has been eiperieaced in getting an 
insulator to withstand these bigli electrical strains, and to be at the same 
time of sufficient mechanical strength. Various materials have been 
experimented upon, but glass or porcelain is now almost universally used. 




Fiu. 183.— Glass insuUtor. 



Ordinary brown pottery is in itself eitreniely porous, and can only be kept 
dry by a heavy eitemal glaze. This glaae is liable to be ground off by the 
continual swaying of the heavy wires. Glass is very largely used in the 
States, particularly for pressures below 20,000 volts. A peculiar advantage 
arising from the use of glass is that, owing to its transparency, it possesses no 
dark recesses. It appears that considerable trouble has been caused by insects 
congregating (ind building their nests under the petticoats of porcelain 
insulators, the darit recesses of which appear to be particularly attractive 
to them. Fig. 1^3 shows the usual construction of these glass insulators. 

For the higher pressure lines working up to 50,000 volts a hard paste 
porcelain of great mechanical strength is generally used. Tliese insulators 
are often nianufaotured in two or more parte and then cemented together. 
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Tbis method of coastruction eneures more uniform insulation, and reduces 
the risk of breakdown due to defective mnnufacture. 




-Pin for Locke insulator. 
the Locke insalator, 



Fro. ISE.— Cloche MehuD insulator. 



illustrated in fig. 184. This insulator is constructed of three distinct 
parts ) the top and intermediate pieces are fused together, end the centre 
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pieca is cemented inside the others. The complete insulator ma; be 
mcmnt«d on a wooden pin or on a steel pin aapped with porcelain, as 
illustrated in fig. 184a. 

A section of the Cloche Mehun insulator is illustrated in fig. 165; 
this insulator has been used for a large number of transmission lines on 
the Continent 

Leading in Wires. — The leading of overhead wires into buildings 




itiiud orlewliDg ID II, T. tnnsminion line. 



is a subject that has received a considerable amount of attention. The 
matter was discussed at some length at a recent meeting of the Amcrioan 
Institution of Klectrical Engineers, and a number of aj'stems in use were 
then described. The method that appeared to meet with the most general 
approval was that described by the author of the paper, and illustrated 
in fig. 186. This consists of a. long insulating tube of small internal 
diameter and of considerable thickness, placed over the wire and supported 
in a slab of insulating material set in the wall of the building, the 
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whole being protected from driving rain by an extension of the roof. It is 
stated that this method hae been Bucceeafully used for 50,000-Tolt lines. 

In some cases the wires are brought in vertically through the roof. 
Fig. 187 is a section of the roof insulator in use at the Canyon Ferry plant 
of the Missouri River Power Co. 

Cable charging Dericea. — Special precautions have to be taken in 
connection with all long distance trans- 
mission lines to guard against a break- 
down of insulation due to abnormal rises 
of pleasure. Mr R. H. Thomas, in his 
paper on Static Strains in high-tension 
circuits, shows that when a lino is suddenly 
chained from live 'bus bars, a momentary 
voltage rise may be produced of approxi- 
mately double the normal voltage, and 
under some circumstances a great deal 

To prevent pressure rises from this 
cause, Messrs Ferranti have introduced 
the cable charging device illustrated m 
fig. 188. It consists of a metal oootam 
ing vessel A supported in a cast iron case 
B, on and by insulators C C* C*. In 
the containing vessel are rigidly fiied 
two porcelain tubes D* D', these tubes 
being about 6 feet long by 3 inches 
internal diameter. Each tube contains 
an ebonised iron rod £, carried at its 
upper eitremity by an insulator 1). At 
the lower end of this rod is a piston P, 
upon which is fixed a metal cap G. This 
cap is electrically connected to the ter- 
minal H by a spiral tape conductor I. 
The piston F fits into a well at the 
bottiim of the containing vessel, which is 
filled with mercury. A gauge glass J 
enables the height of the water to be seen through a glass window in 
the outer case. The height of this water is normally kept about 3 feet 
above the bottom of the containing vessel, and the total upward travel 
of the rode is 2 feet 10 inches The apparatus illustrated is intended for 
use in connection with a two-phase system, one tank being provided for 
each phase. The ebonised rods are carried at the extremities of a connect- 
ing cross-head. The weights K tend to lift the cross-head, but this is 
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prevented when the rods are in the lowest position b; a catoh controlled 
by an electro-magnet L. 

I'he method in which this charging gear is inserted in circuit with the 
feeders is shown in tig. 189. The connectioiis are ahowu for a single-phaae 
STstem only. To charge a feeder the catch is released, thus allowing the 
balance weights to lift the cross-head, and so increase the length of the 
column of water to its maiimum. The feeder switch is set at half-cock, 
thereby connecting the feeder to a small auxiliary 'bus bar corresponding 
to the synchroniser bar in the Ferranti standard generator switchgear. 




Fjo. 188.— Ferranti cable cliBrpngapjiarati 



This bar is connected to one terminal of the cable charging device. The 
other terminal is connected to the main 'bus bar through a fuse and 
switch on a speciul feeiler charging panel. The water resistance in series 
with the feeder ia then gratluatly reduced by pushing down the cross-head 
to its extreme limit of travel. This is done by a length of rod terminating 
in a handle above the switchboard gallery. When all the resistance has 
been cut out the catch comes into operation and holds the cross-head down ; 
the feeder switch is then finally closed. A hand release to the catch is 
provided to enable the apparatus to be used for charging another cable in 
a similar manner. To discharge a feeder the rods are pushed down to 
their lowest position (if they have not previously been left thus), and the 
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feeder switch is pulled out on to the second contact. In this position the 
magnetic release trips the catch, and thus allows the weight to descend 
and gradually increase the length of the column of water. The operation 
is finally completed hj opening the oil break switches on the feeder 
charging panel. A plug switch is provided for isolating purposes only. 

Messrs Cowans have supplied their standard regulating transformers 
(see figs. 199a and 199b) for cable charging purposes. These are con- 
structed to gradually increase the pressure from zero to the full working 
pressure required. 

Pressure Bises due to Open Air Arcs. — Enormous rises of pressure 
are liable to result from suddenly interrupting a heavy current in open 
air. Mr Stein metz found that the surge E.M.F. of an overhead circuit 
may be 100 times greater than the E.M.F. of the generator. 




Fio. 189. — Diagram showing connections of cable charging apparatus. 

Dr Kennelly points out, in an article in the Electrical World, Nov. 23, 
1901, that if a circuit while carrying an alternating current is broken, the 
magnitude of the succeeding surge will depend upon the value of the 
current at the instant of rupture. 

If the alternating current happens to be interrupted just at the zero 
point of the wave, the resulting surge will be negligibly small. If, on the 
contrary, the alternating current wave of the circuit is at its crest or 
maximum, then the surge due to its interruption will be the same as 
though a continuous current of that full magnitude had been interrupted. 
Experience has shown that an air break switch can never be relied upon to 
break under the same conditions two or three times following. This is 
attributed to the fact that the rupture is liable to occur at any point of 
the current curve. It appears, on the other hand, to be generally admitted 
that an oil break switch always behaves consistently, and it has been 
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suggested that the reason for this ia that the oil oloeea in and estinguiahes 
the arc just at the moment when the current wave is passing through 
zero. In CAneequence of tbia valuable feature, oil break switches are bow 
being almost universally used for controlling H.T. alternating current 
traosmiasioQ circuits. 

Protection agauut Lightning. — The insulation of overhead trans- 
mission lines and apparatus connected therewith is often ruptured b; 
abnormal rises of pressure due to atmospheric disturbances. To guard 
against breakdowns from this cause, overhead systems are invariably 
equipped with some form of lightning arrester, constructed to allow the 




Fii), 190.— Tliomaon lightning arrestor. 

static discharge to i>ass to earth without breaking down the insulation 
of the line at other points, and to prevent the generator current from 
following tha static discharge. 

One of the earliest devices introduced for this purpose was the Thomson 
arrestor, illustrated in fig, 190. This arrester is still largely used. 

TwD horn-shaped pieces of metal, supported on an insulating base, are 
separated from each other by a small air gap. One of these horns is 
connected to the line to be protected, and the other is earthed. The 
discharge points are placed between the poles of an electro-mag net, in such 
a position as to be in a strong magnetic field when the magnets are 
energised. Should a heavy current follow the static discharge, it flows 
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round the coila of the magnet, and, creating a powerful field, blows the arc 
to the tips of the horns and thus interrupts the flow of current. 

A modification of the above is the Siemens horn break arrestor, shown 
in fig. 191. This is based on the principle of the bom break switch 
illustrated and described in Chapter III. 

The Wurtz arrestor, illustrated in fig. 192, consistsof a number of metal 
cjlindeis (usually seven) arranged side by aide 
and carried between two porcelfun blocks. These 
blocks are constructed to maintain a small and 
even spacing between the roetal cylinders. Each 
unit constitutes, therefore, a number of minute 
Bpark gaps in series. In the event of an 
abnormal rise of pressure occurring, the spark 
gaps are easily bridged by the static discharge. 
As this immediately relieves the pressure, the 
arc is ruptured, partly due to the cooling effect 
of the large number of cylinders, and also due 
to the fact that these cylinders are usually con- 
structed of a combination of metals that produce, 
when volatilised, a non-conducting vapour which 
immediately extinguishes the arc. For pressures 
over 2000 volts a number of the units described 
above are usually connected in eeries, an ad- 
ditional unit being generally allowed for each 
2000 volts. 

Fig. 193 is a cross section of the Stanley 
Electric Manufacturing Co. 'a standard arrestor, 
and fig. 194 shows the unassembled parte of 
one of these arrestors. Each of these units con- 
sists of a nest of concentric tubes, with diverging 
ends, held in relative position by perforated 
porcelain caps at top and bottom. These cape 
are in turn securely fastened to an insulating 
support of marble or porcelain by an external 
hoop. The innermost cylinder is connected 
the line to be protected and the outer to earth. 
The grooves in the porcelain caps are so spaced as to definitely maintain 
all spark gaps one-sixteenth of an inch wide. 

An abnormal rise of pressure on the line causes the static discharge to 
jump the gaps in the narrower portion of the arrestor, and so to pass to 
earth through the outer cylinder. Should the generator current follow 
the static discharge, a current of air is established in the arrestor, causing 
the arc to rise to the upper part of the arrestor, where the width of the 
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gaps is so greatly iacreased as to ensure the arc beiug extiDguished. 
It will be obviouB that this conoentrio construction provides a very lu^ 
discharging surface. 




— Wurtz lightning 



Fig. 19fl shows two of the units described above connected in parallel 
and mounted on a porcelain base. 

Ill addition to providing an easj patli for the discharge of static 
currents to earth, it is necessarj' to take some steps to prevent the 




Fid. 103.— Section of Stuit(7 lightning 



abnormal rise of pressure getting into the apparatus connected to the 
line. For this purpose it is usual to insert a choking coil between the 
connection to the Ughtning arrester and the generators or traoBfonnert 
connected to the line. This choking coil should be pracdcally Don- 
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inductive to the generator currents and highly inductive to static 
disturbfuioes. Fig. 196 shows one half of the Stanley choking coil, which 
has been specially designed to meet this requirement. The insulated 




Fiu. 194. — UuaBtembled patu of Stanley lightning aiTeatoi'. 

cable forming the coil is passed through a hole in the centre of a marble 
slab. Half of this cable is wound in a coil as shown on one side of the 
marble slab, and the other half is wound in a similar coil on the back of 




Fw. 196.— Cnmpletei^ir of Stanley aneator units. 

the slab. The ordinary current from the generator during one half 
period enters the coil through the upper cable thimble, passes through the 
slab aud round the turns of the ooil on the buck in a contra-clockwise 
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direction, then, returning throiif^h the hole in the centre, it passes round 
the coil on the face in a clockwise direction. It will be seen, therefore, 
that the field due to the coil on the front will be in an opposite direction to 
that due to the coit on tike l»ck, and the combined coils will in consequence 
be Qon-inductive. It has been found that the effective efficiency of these 
oppositely wound coils is very high for lightniug discharges. This is 
attributed to the fuct that with very high frequency discharges the phase 
of the current in the two parts of the coil is not the same at the same 
instant, and consequently, being wound in opposite directions, the currents 




Flu. 19S. — Choking coil for lightning arrMtur equijunent. 

exercise a reinforcing magnetic effort instead of a mutually destructive 
one. 

Fig. 197 shows a typical arrangement of arrestors and choking coils for 
A 15,000 volt three-phase transmission line. The rectangles represent 
arrestor units and the circles choking coils. 

The Stanley Manufacturing Co.'s lightning arrester for overhead direct 
current traction lines of 500 or 600 rolta is on eitremely simple device. 
It consists of a glass tube about 9 inches long, filled with oxidised metallie 
particles. The ohmic resistance of this tube is practically infinite (over 
25 megohms). In consequence, 500 volts applied at the terminals will 
not force any appreciable current through it. A minute air gap is arranged 
in series with the tube as an extra precaution against grounding the line. 
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Whilst this arrangement prevents dynamic currents from passing, it is 
claimed that static discharges of extremely low potential flow readily to 
earth. Fig. 1.98 shows one of these arrestors arranged for protecting two 
550-yolt lines, the line wires heing connected to the terminals on the 
left, and the terminal on the left heing connected to earth. 




Fio. 197. — Arrangement of choking coils and arrestors for three-phase line. 

To summarise, lightning arrestor equipments should fulfil the following 
requirements ; — 

(1) The air gap should consist of a largo number of small gaps in 

series rather than of one comparatively large gap. 

(2) The width and number of these gaps must not be so great as to 

require the potential of the lightning discharge to be higher than 
the potential necessary to rupture the insulation of the system. 

(3) The width of the gaps must not be so small as to be constantly 

grounding the line potential through the arrestor. 

(4) Precautions must be taken to prevent the gaps being short-circuited 
by moisture, dirt, or insects. 

(5) Means must be provided to prevent the dynamo current following 

the lightning discharge and so establishing a permanent earth. 
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(6) SafGoient diBchnrging surface must be provided to handle a heavy 

discharge without injury to the arrestor. 

(7) Choking coilu should be inserted in the circuit between the line 

and the generators or transformers. 
Lightning arrestors are often supplemented by other devices to 
prerent breakdowns fmni atmospheric disturbances. Those members of 
the Institution of Electrical Engineers who joined in the Italian trip will 
remember that in connection with the Valtellina Electric Railway 
installation, in addition to the ordinary lightning equipment, a permanent 
high resistance leakage was established tietween each of the three-phase 
lines and earth. This leakage is maintained through vertical jets of water 
which are caused to impinge upon the lower side of umbrella-shaped 
screens hung from the live wires. Tliis jet allows a constant leakt^e of one- 
tenth of an ampere It is stated that, since this precaution has been taken, 




Fin. 19S. — Stsuley line dlBchsTger. 

no sparking has been observed across the lightning arrestore at the 
generating station. 

Another precaution that has been largely adopted in the Uuited States 
ii that of filing a wire a few feet above the transmission lines, this wire 
being efficiently earthed about every hundred yards along the line. To 
appreciate the protection afforded by this grounded mre, it is neoeeaary 
to briefly consider how atmospheric disturbances lead to static discharges 
from the transmission lines. 

It is generally recognised that it is a moat unusual occurrence for a 
line to be actually struck by lightning, and it is extremely doubtful 
whether it is possible by any known system of lightning protection to 
guard against heavy damage should a direct stroke occur. The static 
dischai^es that frequently do occur are, it is supposed, generally the result 
of electrostatic induction. If a cloud heavily charged with, say, positive 
electricity approaches the transmission lines, it will set free a positive 
charge on the latter that will tend to pass to earth, often breaking down 
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the insulation of the generators or transformers connected to the line in 
doing so. If now one or more other wires, earthed, at frequent intervals 
are run near the transmission lines, these will also be subjected to the 
inductive action of the charged cloud ; but since these wires are efficiently 
earthed, the positive charge set free will pass to earthy the bound charge 
of opposite polarity remaining. The earthed wire becomes^ therefore, 
negatively charged, and this negative charge will act inductively upon the 
adjacent transmission lines, tending to neutralise the inductive effect of the 
positively charged cloud. In many installations barbed wire has been 
used for this earthed wire, but so much trouble has been experienced 
through rusting, etc., that simple twisted or single wire is now recom- 
mended. 

Begulation of Pressure. — When two or more transmission lines of 
different lengths are fed with an alternating current from one generating 
centre, it is sometimes necessary to boost up the pressure of the longest line 
to compensate for the greater drop. This is sometimes done by means of a 
boosting transformer, the secondary winding of which is connected in series 
with the line, and the primary across the two lines of opposite polarity. 
To vary the amount of boost, the ratio of the windings is altered, usually 
by cutting in or out turns in one of the windings. This entails the use of 
a multiple contact switch, and unless a large number of contacts are 
provided, the regulation is liable to be very jerky. 

To overcome this difficulty Messrs Cowans have introduced a regulating 
transformer for which no switch is required, and that gives a perfectly 
gradual variation of boost. This is effected by mechanically altering the 
direction, in the secondary windings, of the flux due to the primary wind- 
ings. In the early types of this device the primary coils were wound 
entirely on the moving core and the secondary on the stationary core ; the 
magnetic leakage was, however, so heavy in this design that it had to be 
abandoned. In the present design, illustrated in Hgs. 199a and 199b, half of 
the secondary is wound on the moving core and half on the stationary core. 
In consequence, at least half of the secondary is practically unaffected by 
magnetic leakage. 

When the moving core is in the position shown in fig. 199a, the 
magnetic lines induced by the primary cut the half of the secondary wound 
on the movable core in a positive sense, and the half of the secondary on 
the fixed core in a negative sense, and consequently the resultant 
secondary E.M.F. is nil. If, however, the movable core is rotated through 
an angle of 180 degrees, the magnetic lines cut both the secondary windings 
in a positive sense; the resultant E.M.F. is in consequence the sum of the 
two, and therefore a maximum. 

A further improvement consists in fixing shading coils on the movable 
core, shown broken away in the diagrams where they cross the primary 
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and secondary windings. These shading coils neutralise the induction of 
the secondary circuit when the movable core is in intermediate positions. 

Lastly, the slots in the ring which contain the secondary coils are so 
placed that the area of gap between the movable core and the ring is as small 
and as equal as possible in all positions^ thereby keeping the magnetising 
current as low and as constant as possible. 

Some Examples of Long Distance Transmission Schemes. 

Paderno Tliree-plvase Transmission ScJieme, — An interesting example of 
the transmission of energy over a line about 20 miles in length by three- 
phase currents is the Paderno-Milan installation. This line has now been in 
successful operation for more than six years. At the time of its inception, 
this scheme was considered a somewhat daring experiment, but at the 
present time there are probably hundreds of similar or larger installations, 
all testifying to the success of the venture. 

The generating station at Paderno is equipped with seven 1500 K.W. 
generators, coupled direct to seven turbines, which derive their power 
from the water of the Adda river, conducted through a canal over two miles 
in length. These generators are, as far as possible, kept running con- 
tinuously ; the load curve of this station is therefore practically a straight 
line. The current is generated without the intermission of transformers 
at the line pressure of 13,«500 to 15,000 volts, and is transmitted at this 
pressure to a second combined steam generating station and distributing 
station at Porta Volta, on the outskirts of the city of Milan. Here it is 
transformed down from 12,600 volts to 3700. The supply is supplemented 
during the peak of the load by some of the 13,000 horse-power of steam 
generating plant at this station. During certain hours of the day the demand 
is smaller than the output of the water station alone ; the steam plant is at 
this time entirely shut down, and the surplus energy from the water-power 
station is utilised for charging the batteries which are in turn used for 
supplementing the two generating stations during the peak load. The 
batteries used for this purpose are very large; they supply easily 3000 
K.W. at the peak. 

From the Porta Volta station a large portion of the current is distributed 
direct to a three-phase H.T. network arranged in the form of a ring round the 
outer portions of the city, and intersected by two cross branches. This 
network is fed by fifteen feeders connected to different points through 
fuses arranged in large pillars or kiosks, as shown in fig. 200. 

In the upper half of each of these pillars a three-phase transformer is 
placed, for reducing the pressure from 3700 to 180 volts, at which it is 
distributed for lighting and power. There are no less than 153 of these 
pillars at present installed, having a total capacity of 11^600 K.W. 
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The snitching arrangements at the Pademo station are ezoellent, Mid 
although this coutrolliiig gear was installed when the plant was first laid 
down, it is alinoet entirely in accordance with what is now considered the 
best modem practice. The instniment panels are arranged on a galleiy 
at one side of the engine-room, the main oil break switches being filed in 
a switch-room at the back of these panels and outside the m&in engine- 
room. The switches are operated through remote control mechanical gear 
by handles on the instrument panels. 
The generator switches are arranged, 
with suitable spacing, on one side of the 
switch-room, and the feeder switches on 
the opposite side, the H.T. 'bus bars and 
. ^fiA connections being in a basement below 

^^^^^^^^^ the switch-room floor. The lightning 

^Hj^^^HJIJH^^B arrestor equipment is fixed in a room 

^^S^^[^^r above the main switch-room, and th« 

leading-in wires from the line are brought 
directly into this upper room through 
suitable leading-in tubes. The arrestor 
equipment consists of a large number 
of Wurtz spark gaps arranged with 
chokin;^' coils as described und illus- 
trated in figs. 192 and 197. 

Thury't Extra HitjIi-TentioH Constant 
OiirretU Si/stein. — This system has many 
advantages which render it particularly 
suitable for some transmission Echemea. 
The generators are constructed to give 
a constant current and a varying E.M.F. 
proportional to the load on the circuit. 
The higher voltages are obtained by 
coupling a number of generators in 
series. 

One of the largest transmission 

svstem is that between St Maurioe and 

ten direct current generators are driven 

'he nominal full load output of each 




— Tninsfiin 






schemes carried out on this 
Lausanne. For this scheme 
in pairs by five water-turbine 
generator is 150 itn)i>eres at ^'230 volts. The whole of the generators 
may lie coupled in series to give a line pressure of 22,000 volts. The 
chief disailvantagc of the system is that the full working pressure must 
be carried by some of the generators and motors, as it is oliviously not 
possible to use static transformers to increase and reduce the pressure, as 
in alternating current systems. This difficulty of insulating the machines 
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appears, however, to have been satisfactorily overcome by supporting the 
generators on porcelain insulators, and by using a flexible rubber coupling 
between the turbine and the generator. The frames of the machines are, 
therefore, not connected to earth. 

One of the advantages claimed for the system is that the C^R losses 
in the circuit are constant, and in consequence maximum efficiency is 
obtained at full load. In cases where the power is supplied from a water- 
fall, and light load losses are of little importance, this is, of course, a 
valuable feature, as in such cases it is important that at the time when 
the generating plant is loaded to its utmost capacity the losses in trans- 
mission should be a miuimum. It is equally obvious that for steam- 
driven plants with a poor load factor the system would be at a disadvantage, 
as the light load losses must be very considerable. 

Another advantage claimed for the system is that the motors, being 
connected in series, may be fed by a single conductor, and in some cases 
this conductor may be arranged in a loop ; thus several distributing 
centres may be fed by a single wire, whereas for any other system it 
would be necessary to run two wires to each distributing centre. 

In one of the early installations the generators were at first separately 
excited, and were regulated by a solenoid fixed in series with the 
transmission line, the core of the solenoid operating the governor of the 
exciting turbine. This means of regulation failed, owing to the frequent 
breaking of the transmission line, which then caused the exciting current 
through the generators to be increased to such an extent that the whole 
of the generators were pulled up, and the elastic couplings broken. 
This difficulty was overcome by adopting series windings for the 
generators. 

The controlling arrangements arc much simpler than for any parallel 
system. Fig. 201 shows one method of regulating the apparatus in the 
generating station. It will be seen that the necessary switching devices 
are of the very simplest. The current is kept constant by a relay 
controlling device consisting of a solenoid and plunger attached to a 
commutator switch. So long as the current is normal, this com- 
mutator switch is held in the central position shown in the diagram. 
Should the current increase, the core of the relay will be pulled 
down, and the commutator switch will make connection with the lower 
contacts. This will cause the motor controlling all the sluice valves 
of the turbines to rotate in such a direction as to slightly close the 
valves, thereby causing the whole of the generators running at the time 
to reduce their output until the current is again normal^ when the 
commutator switch will again return to its central position, and the 
motor will be stopped. If, on the other hand, the strength of the current 
falls below normal, the plunger will lift and cause the commutator switch 
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to make connection with the upper contacts, and the motor will slightly 
open all the sluice valves. 

Although all the working turbines will normally be controlled 
simultaneously by the shaft driven by the controlling motor, arrangements 
are also made for independently varying the output of any generator. 
For this purpose the valve of the turbine to be independently varied is dis- 
connected from the main controlling shaft, and the variation required is 
effected by the hand -wheel. 

When the voltmeters across the working generators show these to be 
fully loaded, and a further increase of load is expected, all that is necessary, 




Fin. 201.— Generating controlling gear (Thury system). 

to switch in another machine, is to run the incoming generator up to speed 
until the ammeter of this generator reads normal current on short circuit. 
The main switch is then turned through an angle of 90 degrees, thereby 
diverting the main circuit through the generator. 

To cut a generator out of circuit the controlling sluice valve of its 
turbine is closed by hand, independently of the motor-controlled shaft, 
until the E.M.F. of the generator is reduced to zero. The switch is then 
replaced to the position in which the generator and line are respectively 
short-circuited. It will be clear that no current is interrupted by this 
switch under any conditions, and consequently there should be no sparking 
during switching operations. 

The motors for use in connection with this system must be constructed 
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to give a counter electro-motive force proportioaal to the power absorbed 
by the motor, aud as it is usually necessary that the speed of the motor 
should remain conataot, the strength of the magnetic field or the position 
of the brushes must be altered for varying loads. 

One of the following means is usually employed for the r^^lation of 
motors : — 

(a) A secondary battery is connected as a shunt across the terminals 

of the motor. 

(b) The strength of the magnetic field is varied. 

(c) The angle of lead of the brushes is varied. 

(d) A combination of the two latter methods is used. 

For the first method the battery is connected up across the brushes. 
Should the load on the motor Ite reduced, its speed, and consequently its 
back E.M.F., tends to slightly increase; a portion of the current is there- 
fore diverted through the 
battery, which becomes 
charged. If, ou the other 
hand, the load is in- 
creased, the motor slows 
down, and the battery 
discharges through it. 
It will be seen, there- 
fore, that the E.M.F. 
across the motor is prac- 
tically constant. This 
method of regulation is 
only used for compara- 
tively small motors, as 
the E.M.F. across the terminals 




Flu. ^02. — Thury series motor rcgulftliiig switch. 



Iiroportional to the output of 
the motor, and it would, therefore, be necessary to use a large number 
of cells if this system was employed for large motors. 

Regulation by varying the strength of the field winding is efTected by 
dividing the field into a number of sections, and altering the direction of 
the current in these sections to oppose or assist each other as required. 
This is accomplished in the manner indicated in Fig. 203. 

When the awituli is placed in the position shown at a the direction of 
the current in all the windings is such as to tend to mngnetise the fields in 
one direction. When, however, the switch is changed to position b, the 
current through one half of the windings tends to magnetise the field in an 
opposite direction to the current in the other half. By turning the switch 
one more step forward, the field magnetism will commence to build up in 
the opposite direction, and the direction of rotation of the motor will 
consequently be rcveised. Tliis commutator switch may be automatically 
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controlled by means of a centrifugal governor constructed to strengthen 
the field by reducing the opposing turns in the event of an increase of load 
causing a reduction in the speed, or by increasing the opposing turns in the 
event of the speed of rotation being increased. This method of control is 
somewhat complicated by the large number of windings required to obtain 
a steady regulation, and it is in consequence little used, except for cases 
where it is desired to reverse the direction of rotation. The usual method 

of varying the strength of the 
field is to shunt the field wind- 
ings by means of a variable 
resistance. 

For motors of a greater 
output than 50 or 60 horse- 
power it is generally necessary 
to alter the lead (»f the brushes 
simultaneously with the variation 
of the 6eld. This is done by 
means of a small strap, the ends 
of which are fastened to the 
opposite points of the brush 
regulator. This strap passes 
over a small pulley on a shafts 
which also carries the arm of a 
rheostat shunting the field wind- 
ing of the motor. This shaft is 
rotated in one direction or the 
other by a double ratchet and 
pawl movement, which is in 
turn controlled by a centrifugal 
governor. 

The type of switch used for 
controlling the motors is similar 
to that used for the generators. A modification is required, however, 
for starting large motors, as the self-induction of the windings of 
the motor is liable to cause considerable sparking at the switch when a 
large motor is connected in series with the main. To overcome this 
difficulty the switch is provided with an auxiliary device for breaking 
the arc. 

It is obvious that no fuses or excess current cutouts are required in 
connection with this system, as it is impossible to obtain an excessive 
current under any conditions. It is, however, necessary to provide against 
abnormal rises of pressure due to an open circuit in any part of the 
system, and for this purpose short-circuiting cutouts constructed on the 




Fio. 203. —Excess potential cutout 
(Thury system). 
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principle illustrated in fig. 203 are used. One of these cutouts is con- 
nected in parallel with each motor, or across any loop of the system in 
which it is anticipated an open circuit may occur. Under normal con- 
ditions the current flowing through the solenoid will be insuflicient to lift 
its core. If, however, an abnormal rise of pressure occurs, the core will 
be lifted, thereby releasing the catch, and allowing the switch to short- 
circuit the defective loop. 

Vcdtellina Electric Railway, — Of the several power transmission schemes 
inspected by the Institution of Electrical Engineers during their trip to 
Northern Italy, the undertaking that excited greatest interest, probably on 
account of its novelty, was the electrification of that portion of the Italian 
State Railway between Lecco and Sondrio, and the branch line to Chiavenna, 
a total distance of 67 miles. This is the first practical application of the 
Ganz high-tension three-phase system to railway work. Power is transmitted 
from one generating station at a pressure of 20,000 volts, and transformed 
down to 3000 volts, at which pressure it is collected from the trolley wires 
and carried directly to the windings of the motors, without the interven- 
tion of transformers. 

The power is obtained from turbines, driven by water from the river 
Adda, brought by a canal from a point three miles above the power station, 
which is situated at Morbegno, 15^ miles from Sondrio. This canal 
is 13 feet wide at the bottom, increasing in width to 14 feet 4 inches at the 
water level The average gradient is 1 per 1000. The water is conducted 
from the canal to the turbines through steel flumes S| feet in diameter. 
These run down the hillside at an angle of 45 degrees inclination to the 
horizontal. Packed gland expansion joints are provided near the upper end 
of the flumes, where the water pressure is light. The minimum water flow 
is stated to be 880 cubic feet per second, and as the available fall from 
the top level in the flume to the tail-race is 88 feet, the theoretical 
output of the fall is 9100 horse-power. It is estimated that over 7000 
horse-power will be developed by the turbines from this water consumption. 
During the summer months, owing to the melting of the snow on the 
mountains, the water flow is considerably greater, while the summer 
railway traffic is at least twice as heavy as that to be served during the 
winter months. 

Each flume serves two turbines, arranged with right and left-handed 
intakes. The speed of each turbine is controlled by a centrifugal governor 
which varies, by means of a relay, the angle of the guide blades, which are 
placed round the rotating blades carried by the main shaft. The relay 
consists of a cylinder provided with a piston which is thrust backwards 
and forwards by oil, at a pressure of about 140 lbs. per square inch, 
admitted to one or the other end of the cylinder by means of a slide valve 
controlled by the centrifugal governor referred to above. The pressure of 
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the oil is maintained by a pump on the end of the turbine shaft filling an 
ordinary hydraulic accumulator. 

The three-phase alternators are separately excited by small generators 
on the end of each turbine shaft, the fields of these exciters being con- 
nected to a small auxiliary turbine driven dynamo. A rheostat is inserted 
in series with each field, by which the E.M.F. of each generator may be 
regulated from the switchboard. As an additional safeguard, an emergency 
overnor inserts a resistance in the field of the exciter if the velocity of 
the turbine exceeds 170 revolutions per minute, the normal speed being 150 
revolutions per minute. 

The switchboard consists of marble panels upon which are mounted the 
low-tension measuring instruments and the operating handles of the high- 
tension switches. All high-tension apparatus and connections are carried 
on light iron frameworks in a spacious room at the back of the switchboard. 
A separate panel is provided for each generator, and there are two feeder 
panels. All high-tension switches are of the Schuckert horn break type ; 
these switches are placed 20 feet above the floor level, and motion is 
communicated to them from the operating handles through an endless rope. 
There is only one three-phase feeder leaving the generating station, but 
this may be switched on to either set of 'bus bars through either of the 
two feeder panels referred to. 

No attempt has been made to duplicate the feeders. Arrangements 
are, however, made for dividing the high-tension line into sections, thus 
permitting any portion to be cut out for repairs and the supply maintained 
through the 3000- volt lines. 

The insulators used for supporting the high-tension feeders were all 
tested to withstand a pressure of 60,000 volts before erection. They are 
fixed on 8-inch iron brackets carried on the poles supporting the trolley 
wires. A distance of 2 feet is allowed between the three wires. 

The diameter of the 20,000-volt wires is 8 mm. in the sections adjoining 
the generating station, and 7 mm. towards the outer ends. These primary 
feeders are not run through the tunnels, as it was feared that the damp 
atmosphere would be liable to affect the insulation. 

Sub-stations are placed along the line at intervals of from five to seven 
miles. These sub-stations are divided into two parts. The incoming high- 
tension wires, and all high-tension connections, are located in the back 
room, whereas the single stationary three-phase transformer is placed in 
the front room. The honi break switches used for both the high-tension 
and low-tension sides are fixed in the upper portion of the building, and 
are operated by rope gear from below, as in the main generating station. 

Overhead collection of the 3000 volt supply is made from two wires 
only, the third conductor of the three-phase system being the rails. 

The collectors consist of two rollers mounted upon one axle pole 66 
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inches in length. This pole is constructed of hard wood saturated with oil 
under pressure. Each contact roller consists of a copper cylinder, about 
3 inches in diameter by 2 feet long, mounted to revolve upon ball bearings. 
The two rollers are separated by a 9-inch length of insulating material. 
' The trolley arms are raised and lowered by compressed air. The valve 
controlling the air supply is so interlocked with the case containing the 
main switch that it is impossible for the drivers to open the latter without 
first lowering the trolley arm, and thus cutting off all supply. 

Air for operating the Westinghouse air brake blocks, the rheostats, 
trollies, etc., is compressed by an electrically driven two-stage air com- 
pressor. For this purpose an 8 K.W. three-phase motor is supplied with 
current through a small static transformer carried on the car. The pressure 
of the air supply is automatically maintained at 100 lbs. per square inch. 

One interesting feature in connection with the equipment of this 
installation is the coupling up of the motors in cascade. 

It is well known that, if a standing three-phase motor having a short- 
circuited rotor is connected across the full line pressure, the motor acts 
more or less as a transformer having a short-circuited secondary winding, 
and in consequence it takes a very heavy current. This heavy current 
does not produce a correspondingly powerful torque, because the induced 
current in the rotor is practically in quadrature with the primary 
current in the stator. The torque may, however, be greatly increased, 
and the starting current reduced, by inserting a non-inductive resistance 
in series with the windings on the rotor. 

In the Ganz cascade system, to obtain a big starting torque^ the 
rotor windings of the primary motor are connected across the stator of a 
second motor, and a non-inductive variable resistance is connected in 
series with the rotor of this second motor. 

The connections between the starting switch motors and controller are 
shown diagrammatically in fig. 204. 

The high-tension three-phase currents collected from the rails and from 
the trolley lines are conducted respectively through the wheels of the car 
A^, and through the trolley collectors A- A^, the choking coils of the 
lightning arrestors B^ B^ and the fuses C^ C-, to the main high-tension 
switch D, and from this directly to the stator of the first motor E. 
The secondary currents induced in the rotor of this first motor are led 
to the stator of the second motor F through the lower connections of the 
controlling switch G. The rotor of this second motor is in turn connected 
through the upper section of the controller G to the variable non-inductive 
resistance H. This resistance consists of bundles of iron plates suspended 
in a vessel containing a solution of sodium carbonate ; the height of this 
solution is controlled by the admission of air under pressure into the 
vessel through the valve I. 

IS 
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Now it IB known tlint the biniue of a three-phaao motor reaches 




a definite upend fur u given re»iHtance in the rotor 
circuit. If, therefore, tiiiH reuiittuuce iii couiitant, the motor will tend to 
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run at approximately this speed of maximum torque, whatever the load 
may be, so long as the periodicity of the supply remains constant. The 
speed corresponding to maximum torque may, however, be varied by 
increasing or decreasing the resistance in series with the rotor windings. 
If the resistance is entirely short-circuited, the torque will be a maximum 
when the motor is running almost synchronously. If two motors are 
coupled up in cascade, the speed at which maximum torque is reached in 
the second motor will, when its rotor is short-circuited, depend on the 
periodicity of the supply to its stator. This will vary with the difference 
in the velocity of the rotating field round the stator of the primary motor 
and the velocity of the rotor ; in other words, the periodicity of the induced 
current will be directly proi)ortional to the slip. It will be a maximum 
when the rotor of the primary motor is stationary, and a minimum when 
this motor is running synchronously. It is evident, therefore, thiat th6 
combined torque of two motors connected in cascade will attain a maximum 
when the motors are running at a speed considerably lower than the 
maximum speed of the primary motor only. A little consideration will 
show that when the rotor of the second motor is short-circuited, the 
maximum torque exerted by the combination is reached when the rotor 
of the primary motor is rotating at approximately half the speed of the 
magnetic field of its stator. It must be remembered that the primary and 
secondary rotors are mechanically coupled together, and consequently the 
periodicity of one rotor must be the same as that of the other. It has also 
been shown above that the periodicity of the supply to the second stator 
is equal to the difference in the periodicity of the primary stator and its 
rotor, and when the secondary motor is running synchronously the 
periodicity of its rotor must obviously be the same as that of its stator. 
It follows, therefore, that the periodicity of the secondary rotor plus the 
periodicity of the primary rotor equals the periodicity of the primary 
stator ; but since the periodicity of one rotor is equal to that of the other, 
each of them must be equal to half the periodicity of the primary stator, 
and both in consequence tend to run at half the speed of the field round 
the stator of the primary motor. 

If, as may happen when the train is running down an incline, the 
rotors are driven above this speed of maximum torque, the combination 
will act as an ordinary synchronous motor driven above synchronous 
speed, and w^ill in consequence generate current which will be returned 
to the line. 
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Accessibility, 7. 

AocidentR to attendants, precautions 
against, 4. 
risk ofmeohanical injury, 7. 
Auxiliary contacts for circuit-breakers, 72. 

Balancer switch panels, Edinburgh, 186. 
Barton's time element thermal cutout, 78. 
Bates fuse, 44. 

Battery switch panel, Edinburgh, 186. 
Berlin mechanically controlled H.T. 

switchgear, 146. 
Beitram*8 system of duplicate 'bus bars, 119. 
Board of Trade traction panel, 157. 
Booster switch panel, Edinburgh, 184. 
Boston, U.S.A., L.T. switchgear, 173. 
Brush field switch, 36. 

H.T. switchgear, 143. 

rheostat, 25. 

water break circuit-breaker, 43. 
•Bus bars {se^ also Duplicate 'bus bars). 

coupling i)anel for, Edinburgh, 182. 
'Bus bar ])lugs, guard slate for, 185. 
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plug-switch, Glasgow, 164. 

Gable charging devices, 205. 

subway, 5. 
Capital expenditure, 10. 
Cascade connection of motors, 225. 
Circuit- breakers, air-blast — Bates, 44. 

Dale, 48. 

Fowler, 44. 

Schuckert, 45. 

Stanley, 47. 
Circuit-breakers, catch for, 98. 

definition of, 11, 32. 

electrically operated, 154. 

excess current, 67. 

Hamlp, 89. 

Hopkinson's test of, magnetic v. carbon 
break, 88. 

horn break, 49. 
carbon contacts for, 182. 
experiments on, 51. 
theory of, 50. 
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Circuit-breakers, magnetic — Cowan, 72. 

ElwellParker, 67. 

I.T.E.,70. 

Schuckert, 71. 

Ward-Leonard, 69. 
multiple break, 63 
oil break — Cowan, 61. 

Ferranti, fusible, 58. 

FeiTanti switch, 59. 

General Electric Co.'s, 151. 

Stanley, 62. 
Partridge piston switch, 56. 

sparklet, 57. 
pneumatically operated, 146. 
quick break hand, 38. 
reverse current, 82. 

alternating, 90, 107. 

compound wound, 83, 96. 

diiferentially wound, 85, 97. 

Manchester dynamo tyi>e, 88. 

motor type, 86, 100. 

multiple jwle, 102. 

l)Ositively operated, 83. 

relay for, 103. 
shutter, 64. 

Siemens plunger type, 55. 
time element device for, 74. 
water break, 43. 
Westiiighouse air break, 40. 
Clothier, on fuses in generator circuits, 91. 
on H.T. switchgear, 134. 
system of duplicate 'bus bars, 119. 
Concentration v, isolation, 8. 
Connectors, 12. 
'bus bar, 14. 
cable, 13. 
flat-face cable, 12. 
Constructional details, 11. 
Contacts, 16. 

Raworth, 19. 
Cowan cable charging apparatus, 207. 
Dale fuse, 48. 
field switch, 87. 

H.T. switch^pear, wall type, 189. 
J.M. magnetic cutout, 72. 
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Cowan oil break switch, 61. 
legolating transformer, 21 5. 
rheostat, 27. 

water break circuit-breaker, 48. 
Current direction indicator, 105. 
Curves, characteristic, of compound wound 
cutout, 88, 84. 
of ditferentially wound cutout, 85. 
of Manchester cutout, 88. 
of shunt motor cutout, 87. 
of zero cutout, 83. 
illustrating theory of discriminating cut- 
out, 94, 95. 
of Hopkinson's tests of circuit-breakers, 

34. 

Diagrammatic arrangement, 2. 
Discriminating circuit- breakers, 91. 

fuse (Raworth), 92. 
Duplicate 'bus bars— Bertram's system, 1 19. 

Clothier's system, 120. 

Glasgow Lighting L.T. system, 161. 

Glasgow Tramways system, 144. 

Hastings system, 122. 

New York Metro}K)litan system, 121. 

Niagara system, 118. 

requirements of, 118. 
Duplicate mains, automatic switches for, 
110. 

theprotection of, 108. 
Wilson's method, 114. 
Duplication, 7. 

Rice on, 8. 

Earth connections, Nalder's method of j 
testing, 157. 
connections, necPA«rity of low resistance 

of, 6. 
plates, experiments on, 7. 
Earthed wire as lightning protector, 214. 
Earthing cases of instruments, 6. 

d^ conductors before working on, 7. 
Edinburgh balancer panels, 185. 
bar coupling and earth panels, 182. 
battery panels, 186. 
booster panels, 184. 
general arrangement of L.T. switchgear, 

160. 
generator and feeder panels, 180. 
Electric Controller Co.*s rheostat, 28. 
Elwell- Parker cutout, 67. 
Everett and Edgecumbe rotary synchron- 
iser, 126. 
Exposed connections, danger of, 5. 
Extensions to switchgear, provision for, 
8. 

Ferranti*8 cable charging apparatus, 
206. 
cellular H.T. switchgear, 135. 
E.H.T. oU break fuse, 58. 

switch, 61. 
extra U.T. switchgear, 187. 



Fbrranti's L.T. switchgear, Hackney, 
171. 
Willesden, 169. 

oil break switch, 59.. 

rheostat, 26. 

rotary synchroniser, 1 25. 

single-pole switchboard, 2. 
Field switches —Brush, 86. 

Cowan-Still, 37. 

Siemens, 37. 
Fire risks, 3. 

Fowler air-blast circuit-breaker, 44. 
Fuses — Bates, 44. 

Dale, 48. 

danger of, in earthed conductors, 2. 

Ferranti, 58. 

horn break, 54. 

Mordey, 64. 

Partridge, 57. 

Peard, 64. 

Schuckert, 45. 

shunted, 65, 

Stanley ball, 47. 

General principles, 1. 
Gibboney time element circuit-breaker, 77. 
Glasgow feeder 'bus bars, 161. 
feeder ])anels, 166. 

fenerator panels, 164. 
i.T. switchgear, 163. 
plug-switch, details of, 164. 
Tramways H.T. switchgear, 144. 

Hackney L.T. switchgear, 171. 
Hamlyn circuit- breaker (Cowan), 39. 
Hastings H.T. switchgear, wall type, 141. 

single-phase system, 192. 

substation equipment, 193. 

system of duplicate 'bus bars, 122. 
High-tension switchgear — Berlin, remote 
control, 146. 

Brush, wall type, 143. 

Cowan, wall type, 139. 

electric, remote control, 148. 

Ferranti, cellular, 135. 
extra high-tension, 137. 

general arrangement of, 134. 

Hastings, wall type, 141. 

Niagara, remote control, 156. 

pneumatic, remote control, 151. 

Raworth, pillar type, 145. 

Westinghouse, cubicle, 144. 
Hobart time element circuit-breaker, 78. 
Hopkinson — tests of magnetic v. carbon 

break circuit-breakers, 88. 
Hull H.T. direct current system, 188. 

long distance switeh, 190. 

LT.E. CUTOUT, 70. 
Instrumente, earthing cases of, 6. 

supplied through transformers, 6, 149. 
Insulating materials, 21. 
Insulation, 19. 
Insulaton, poToeUdn, 21, 202. 
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Ita^ulators, (of orerhead conductors, 202. 
Isolation, Rice on, 8. 

Kelvin and White L T. switchboard, 
168. 

paralleling voltmeter, 169. 

recording ammeter and voltmeter, 166. 
Kennelly, on pressure rises, 207. 

Leading in wires, 204. 

Lightning arrestors, choking coil for, 212. 

Siemens, 209. 

Stanley, 210. 

Thomson, 208. 

Wurtz, 209. 
Line ]>ressure, determination of (Scott's 

rule). 199. 
Locking switches in open position, 7. 

Ferranti, method of, 136. 
Long distance switch, 190. 

transmission, 199. 
Low-tension switchgear — Boston, U.S.A., 
173. 

Edinburgh, 160. 

Fcrraiiti,' Hackney, 171. 
Willesdcn, 169. 

general an'angement of. 1.^)7. 

Glasgow, 163. 

Kelvin and White, 168. 

Newington Vcstrj', 158. 

iNlAONKTic blow-out circuit-bn'aker, 49. 

Hopkinson's tests, 33. 
Mordey dust fuse, 64. 

trigger circuit- breaker, 39. 
Motor-operated switches, 154; Bo8t<jn, 

176 ; Niagara, 156. 

Naldkr's method of testing earth con- 
nections, 157. 

Newingtou Vestry L.T. switchgear, 158. 

New York Metropolitan system of dui)li- 
catc 'bus bars, 121. 

Niagara syst«mi of duplicate 'bus bars, 118. 
H.T. switchgear, 156. 

Padekno-Milan transmission scheme, 

217. 
Paralleling alternators, 117. 

artificial load for, unncce.«*sary, 133. 
Paralleling voltmeter, 169. 
Parsliall multiple break switch, 63. 
Partridge piston switch, 56. 

sparklet fuse, 57. 
Peard fusible circuit-breaker, 64. 
Perrine on overhead conductors, 200. 
PneumatipnUy o])erated circuit-breaker, 146. 
Poles forttttnsmission lines, 201. 
Position of switchboard, 10. 
Precautions against accidents to attend- 
ants, 4. 
Pressure rises dne to ojwh air arcs, 207. 
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discriminating fuse, 92. 

H.T. switchgear, pillar type, 145. 

water break circuit- breaker, 43. 

zero cutout, 80. 
Regulating transfoimers (Cowan-StUl), 

215. 
Remote control of L.T. switchgear, 176, 

of H.T. switchgear, 148. 

Rice on, 10. 
Reverse current circuit-breakers (see Circuit- 
breakers). 
Rheostats — Brush, 26. 

controlling pillar of, 27. 

Cowan, 27 ; large capacity unit of, 28 ; 
resistance unit of, 27. 

Electric Controller Co.'s, 28. 

Ferranti, 26. 

Paderno, 31. 

Ward-Leonard, 24. 

Westinghouse motor-driven, 22. 
Rice, E. W., jun., on switchgear design, 8. 
Hucker time element circuit-breaker, 77. 

ScuucKERT fuse, 45. 

H.T. roller switch, 63. 

horn break circuit- breaker, 49. 

magnetic cutout, 71. 

rotary synchroniser, 127. 
Scott's rule for determining line pressure, 

199. 
Shutter circuit-breakers, 64. 
Siemens field switch, 37. 

lightning arrestor, 209. 

plunger tyjie circuit-breakers, 65. 
Signalling, 10, 161, 174. 
Simplicity, the importance of, 1. 
Standardisation, 8. 
Stanley ball fuse, 47. 

lightning arrestor, 210. 

oil break circuit-breaker, 62. 
Substation C()uipment, Hastings, 193. 
Switches, definition of, 11, 32^ 
Synchroniser connections, 123. 

Ferranti, 124, 135. 

method of testing, 125. 
Synchronisers, rotary — Ferranti, 126. 

Everett and Edgecumbe, 126. 

Schuckert, 127. 

Terminals, self-locking, 12. 
Thermal culiout, Barton s time element, 78. 
Thomson lightning arrestor, 208. 
Three-wire distribution, 178. 
Thury, E. H. T , constant current syBtem, 
218. 

excess potential cutout, 222. 

generator, controlling gear for, 219. 

motors, speed control of, 221. 
Time element circuit-breakers, 74. 

Barton, 78. 

clockwork, 75. 

Gibboney, 77. 
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Time element cirouit-lntjakcra—IIohart, 78. 

Rucker, 77. 
Transformer kiutik, 218. 

Valtellina Electric Railway transmiHsion 
scheme, 223. 

Ward- Leonard cutout, 69. 
rheostat, 24. 



Westinghouse H.T. switchgoar (rnbiclc), 
144. 

long break circuit-breakers, 40. 

rheostat, 22. 
Willeaden L.T. switchgear, 169. 
Wurtz lightning arrestor, 209. 

Zero cutouts, 79. 
characteristic curve of, 81. 
Raworth, 80. 
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Fourth Edition, Revised, wUh Numerous Diagrams, Exampks^ and 
Tables, amda Chapter <m Foundations, In Large %vo. Cloth, its, 

THE DESIGN OF STRUCTURES: 

A Pvaetleal TFeatlse on th« Bulldlnff of Brtd^wi. 

RoofSt dMI. 

By S. ANGLIN, CE., 

MasUr of Ingiiwwtring, Royal Umvernty of Ireland, late WhitworCh Scholar, ftc. 

" We can unhcntatingly recommend this work not only to the Student, as the BStT 
TkxT-BooK on the subject, but also to the professional engineer as an ■xaEn>iiiOLT 
VALUABLE book of ttitxtDiot.*"—Mgckamical World. 



Third Edition, Thoroughly Revised. Royal 800. With nmmoroui 
Illustrations and 13 Lithographic Plates. Handsome Cloth. Price 301. 

A PRACTICAL TREATISE ON 

BRIDGE-CONSTRUCTION: 

Being a Text-Book on the Gonstraotion of Bridges in 

Iron and SteeL 

FOR THE USE OF STUDENTS, DRAUGHTSMEN, AND ENSINEERS. 
By T. CLAXTON FIDLER, M.Inst.C.E., 

Proi of Engineering, University College, Dundee. 

"The new edition of Mr. Fidler's work will again oocai>y the same 00M> 
BPiououB FOsmoN among professional text-books and treatises as has been 
aooorded to its predecessors. Sound, biiiflk, and full."— 7V^ Engineer, 



In Medium SzHf, Handsome Cloth. Pp, i-xv + 248, with over 
100 Illustrations. Price lox. 6d, net, 

CONSTRUCTIONAL STEELWORK: 

BeinfiT Notes on the Practical Aspect and the Principles of 

Desifirn, tosrether with an Account of the Present 

Methods and Tools of Manufacture. 

By A. W. FARNSWORTH, 

Associate Member of the Institute of Mechanical Engineers. 

" A worthy volume, which will be found of much assistance. ... A book *of 
part icular value. ' ' — Practical Engituer. 

"Will be found of value to all Architects and Engineers engaged in steelworic construe- 
txon."-BmUing News. 
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In Large 8vo. Handsome Cloth, Gilt, Unifonn with StabiUty of Ship9 

and 8ted Ships (p. 38). With 34 Folding Plates and 468 

Illustrations in the Text. 30s. net. 

The Principles and Practice of 

DOCK ENGINEERING. 

By BRYSSON CUNNINGHAM, B.E., Assoc. M.Inst.C.E., 

Of tbe Engineers' Department, Mersey Docks and Harboor Board. 

GENERAL CONTENTS. 

Historical and Discursive. — Dock Design. — Constructive Appliances. — 
Materials. — Dock and Quay Walls. — Entrance Passages and Locks. — 
Jetties, Wharves, and Piers. — Dock Gates and Caissons. — Transit Sheds 
and Warehouses. — Dock Bridges. — Graving and Repairing Docks. — 
Working Equipment of Docks. — Index. 

" We have never seen a more profusely-illustrated treatise. It is a most important 
•umdard work, and should be in the hands of all dock and harbour engineers."— SteanuA^. 
"Will be of the greatest service to the expert as a book of TeteTence."—Bnff%neer. 



Fourth Edition. In Two Parts, Published Separately. 

A TEXTBOOK OF 

Engineering Drawing and Design. 

YoL. I. — Praotioal Qbometry, Plans, and Solid. 48. 6d. 
Vol. II. — Machine and Engine Drawing and Design. 4s. 6d. 

SIDNEY H. WELLS, Wh.Sc, A.M.I.C.E., A.M.LMech.E., 

t*rlnolpal of tbe BattersM PolTtechnie Institnte, Ac. 

With many lUustrtUUmSt speeiaUy prepared fnr the fVork, and fwmeram 

SxampieSf/or the Use qf Students in Technical Schools and OoUeges. 

"A OAPiVAL nx*-B0OK, arranged on an ixciLLm iTsmc. oaleulated to give an Intelltstnl 
■rasp of the saUect, and not the mere faculty of mechanical oopying. . . . Ifr. Wells shows 
now to make oompurb woEKiiro-DaAWiHos, ducaaslng ftdly each step In the dttign'—XUttritai 



In Large Crown 8vo. Handsome Cloth. With 201 Illustrations. Ss. net. 

AN INTRODUCTION TO 



GIRDERS, AND COLUMNS 

iN MAGHINES AND STRUCTURES. 

With Examples in Graphlo Statics. 

By WILLIAM H. ATHERTON, M.Sc, M.LMeoh.E. 

*'A very useful source of information. ... A work which we commend Terjr 
highly . . . the whole being illustrated by a large collection of very well choseu 
examples. ^—Nature. 

" There should be a strong demand for this concise treatise."— Po^e't Weetiy. 
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Just Published. In Handsome Cloth. With 252 Illustrations. 15s. net. 

THE THEORY OF THE STEAM TURBINE. 

A Treatise on the Prlnelples of Construetlon of the Steam Turbine, 
with Historical Notes on Its Development. 

By ALEXANDER JUDE. 

CoNTBNTS— Fundamental.— Historical Notes on Turbines. — The Velocity of Steam. — 
Types of Steam Turbines. — Practical Turbines. — ^The Efficiency of Turbines Type I. — 
Trajectory of the Steam.— Efficiency of Turbinesj Types II.. III. and IV.— Turbine Vanes.- 
Disc and Vane Friction in Turbmes. — Specific Heat of Superheated Steam. — Strength 
of Rotating Discs.— Governing Steam Turbines. — Steam Consumption of Turbines.— The 
Whirling of Shafts. — Speed of Turbines.— Index. 



Works by BRYAN DONKIN, M.Inst.C.E., H.InstMeeh.E., &c. 

Now Ready. Fourth Edition, Revised and Enlarged. With 
additional Illustrations. Large 8vo, Handsome Cloth. 25s. net 

A TREATISE ON 

GAS, OIL, AND AIR ENGINES. 

By BRYAN DONKIN, M.Inst.C.E., M.Inst.Mkch.E. 

Contents.- Part I.— Gas Engines : General Description of Action and Parts.- 
Heat Cycles and Classification of Gas Engines. — History of the Gas Engine. — The 
Atkinson, Griffin, and Stockport Engines.— The Otto Gas Engine.— Modem British Gas 
Engines. — Modem French Gas Engines. — German Gas Engines. — Gas FVoduction for 
Motive Power.— Utilisation of Blast-furnace and Coke-oven Gases for Power.— The Theory 
of the Gas Engine. — Chemical Composition of Gas in an Engine Cylinder. — Utilisation ol 
Heat in a Gas Engine. — Explosion and Combustion in a Gas Engine. — Part II. — 
Petroleum Enerlnes : The Discovery, Utilisation, and Properties of Oil.— Method of 
Treating Oil. — Carburators. — Early Oil Engines. — Practical Application of Gas and Oil 
Engines.- Part HI. — Air Engrlnes. — Appendices. — Index. 

"The best book now published on Gas, Oil, and Air Engines." — En£iru€r. 
"A thoroughly reliable and exhaustive treatise." — Engineering. 



In Quarto, Handsome Cloth. With Numerous Plates. 25s. 

THE HEAT EFFICIENCY OF STEAM BOILERS 

(I4AND, MARINE, AND LOCOMOTIVE). 

With many Tests and Experiments on different Types of 

Boiiers, as to the Heaunsr Value of Fuels, &e., with 

Analyses of Gases and Amount of Evaporation, 

and Sugfirestions for the Testingr of Boilers. 

By BRYAN DONKIN, M.Inst.C.E. 

General Contents. — Classification of Different Types of Boilers. — 425 Experiments on 
English and Foreira Boilers with their Heat Efficiencies shown in Fif^y Tables. — Fire 
Grates of Various Types. — Mechanical Stokers. — Combustion of Fuel in Boilers. — Trans- 
mission of Heat through Boiier Plates, and their Temperature. — Feed Water Heaters, 
Superheaters, Feed Pumps, &c. — Smoke and its Prevention. — Instruments used in Testing 
Boilers. — Marine and Locomotive Boilers. — Fuel Testing Stations. — Discussion of the Trials 
and Conclusions.— On the Choice of a Boiler, and Testing of Land, Marine, and Locomotive 
Boilers. — Appendices. — Bibliography. — Index. 

With Plates illustrating Progress made during recent years^ 

and the best Modem Practice. 

" Probably the most bxhaustitb ruunU that has ever been collected. A nAonoAL 
Book by a thorooghly practlol man."— /nm and Coal Trades Review. 
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JuBT Published. In Laree Grown 8vo. Handsome Cloth. With 

131 Uliutrations. 

LECTURES ON THE MARINE STEAM TURBINE. 

By Prop. J. HARVARD BILES, M.Inst.N.A., 

Prof eaaor of Naval Architecture in the UniTenity of Glasgow. 



Fourth Edition, Reviaed. Pocket-Size, Leather, 128. 6d. 

BOILERS, MARINE AND LAND: 

THEIR CONSTRUCTION AND STRENGTH. 

A Handbook of Rules, Fobmui«^ Tabub, fto., rblatiyb to Matuual. 
Sgantlinos, and Pbisburbs, Sartt Valvbb, Sfbincw, 

FITTINO8 AND MoUNTINOS, ftOL 

FOR THE USE OF ENGINEERS, SURVEYORS, BOILER-MAKEBS, 

AND STEAM USERS. 

By T. W. TRAILL, M. Ikbt.O.E., P.KRN., 

Lftte Bncineer Snnreyor-lii-Chief to the Boerd of Ttmde. 



•• 



Thi Hoe* TALUABU WOEK 00 BoUen pabliahed In Bm 1ad<L"— AMj>piiia World, 

Ii 



' Contoini an Bhokmoub Quahtitt of iHromiiATiOH armnged In % ytrj ocmvenient form. . 
a Hoev unruL toluhb . . . lopplTlng infonnatlon to be had nowhere elie."— 2%< Etigkumt. 



Fifth Edition. Large Grown 8vo. With nomerona 

lUnatrationa. 68. net. 

ENGINE-ROOM PRACTICE: 

A Handbook for Enffineeps and Offleers in the Royal Navy 

and Mercantile Marine, Ineludlnsr the Management 

of the Main and Auxiliary Engines on 

Board Ship. 

By JOHN G. LIVERSIDGE, R.N., A.M.I.C.E. 

CoiUmti.^QwMnX Deecrlption of Marine Machinery.— The ConditionB of Serrioe and 
Datlee of Engineers of the Boyal NaTj.— Entry and OonditionB of Serrioe of Bngineera of 
the Leading S.S. CompanieB.—Baiaing^ Steam— Duties of a Steaming Wateh on Engines 
and Boilera— Shutting off Steam.— Barboor Dntlea and Watohes.— Adjnstments and 
Repairs of Enginea— Presenration and Bepairs of *'Tank" Boilers.— The Hull and its 
nttingB.— Oleaningand Painting Machinery.— Bedprocating Pompe, Feed Heaters, and 
Antomatio Feed -water Begnlatora — Eyaporators. — Steam Boats. — Eleotrio Light 
Maehinery.— Hydraulic Maohuiery.—Air-Compressing Pumps.- Refrigerating Maohinea 
—Machinery of Destroyers.— The Management of water-Tube Boilers.— Regulations for 
Entry of Assistant Engineers, B.N.— Questions ciTen in Examinations for Promotion of 
ifinglneers, B.N.— Regulations respecting Board or Trade Examinations for Engineers, te. 

**This YxaT U8K7DL BOOK. . . . Illusteatiohs src of OKBAT iMPOBTAMCB in a worfc 
of this kind, and it is satisfactory to find that spboial attxhtioh has been giTon in this 
respect.**— ^fi^'«i«er«' Oaxetu. 

In Large Crown 8vo, Cloth. Fully Illnstrated. 58. net. 

O I I^ F XJ S: I^: 

ITS SX7PPLY, OOMPOSmON, AND APPLIOATION. 

By SIDNEY H. NORTH, 

LATE KDITOB OF THE "PBTBOLEUH BEYIEW.' 

COHTSHTS.— The Soorces of Supply.— Economic Aspect of Liquid FueL— Chemical 
Composition of Fuel Oils.— Conditions of Combustion in Oil Fuel Furnaces.— Early 
Methods and Experimenta— Modem Burners and Methods.— Oil Fuel for Marine Pur- 
posea— For Nayal Purposea— On LooomotiTCS.— For Metallurgical and other Purposea 
— Appendicea —Index. 

*' ETcryone interested in this important question will welcome Mr. North's excellent 
text-booh."— jyoture. 
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Sboond Edition, Reviaed. With nameroos Plates redaoed from 
Working Drawings and 280 lUoBtrations in the Text. 218. 

A MANUAL OF 

LOCOMOTIVE ENGINEERINGS 

A Ppactical Text-Book for the Use of Engine Bailders, 

Designers and Draughtsmen, Rulway 

Engineers, and Students. 

By WILLIAM FRANK PETTIQREW, M.Inst.CE. 

With a Section on American and Continental Engines. 

By albert F. RAVENSHEAR, B.Sc, 

Of His Majesty's Patent Office. 

Clofifeii/«. — Historical Introd notion, 1763-1868. ~ Modern LooomoUyee: Simple.— 
Modem Locomotiyea: Oompoond. Primary Consideration in LocomotiTe Design.— 
Cylinders, Steam Chests, and Sta£Dlng Boxes.— Pistons, Piston Rods, Orossheads, and 
Sude Bars.— Oonnecting and ConplinR Bods.— Wheels and Axles, Axle Boxes, Hornblooka, 
and Bearing Springs.— BalancinK.— valve Gear.— Slide Valves and Valve Qear Details.— 
Framing, Bogies and Axle Tmcks, Radial Axle Boxes.— Boilers.— Smokebox. Blast Pipei, 
Firebox Fittings.- Boiler Mountings.- Tenders. - Railway BrakcH.— Lubrication.— Oon- 
snmptlon of Fnel, Evaporation and Enji^ine Efficiency.— American Locomotivee —Con- 
tinental Locomotives.— Repairs, Running, Inspection, and Renewals.- Three Appendloea. 
—Index. 

**The work ooNTAnrs all that cam bb lkabht from a book upon such a Bnb|ect It 
will at once rank as thb staitdaxd work npoir this mpoRTANT axmncnt."— Railway Magaiiiu, 



At Press. In LArge 8vo. Fully Illustrated. 

LOCOIMOTIVE COIMPOUNDING AND SUPERHEATING. 

By J. F. GAIRNS. 

Contents.— Introductory.— Compounding and Superheating for Locomotives.— A 
Classification of Compound Systems for Locomotives.— The History and Development of 
the Compound Locomotive. — Two-(^linder Non-Automatic Systems. — Two-Cylinder 
Automatic Systems.— Other Two-Cylinder Systems.- Three-Cylinder Systems.— Four- 
Cylinder Tandem Systems.— Four-Cylinder Two-Crank Systems (other than Tandem).— 
Four-Cylinder Balanced Systems.- Four-Cylinder Divided and Balanced Sjrstems.— 
Articulated Compound Engines.— Triple-Expansion Locomotives.— Compound Rack 
Locomotives.— Concluding Remarks Concerning Compound Locomotives.— The Use of 
Superheated Steam for Locomotives.— Index. 



In Large 8vo. Handsome Cloth, With Platea and IllustratioM, 16$, 

AT HOME AND ABROAD. 

By WILLIAM HENRY OOLE, M.Inst.O.E., 

Late Deputy-Manager, North- Western Railway, India. 

Contents. — DiscuBsion of the Term '*Li^ht RailwajTB.'* — EInglish Railways, 
Rates, and Farmers. — LijB^ht Railwa3rs m Belgium, France, Italy, other 
European Countries, America and the Colonies, India, Ireland.— Road Trans- 
port as an alternative.— The Light Railwa^rs Act, 1896.— The Question of 
Gauge.— Construction and Working. — Locomotives and Rolling-Stock. — Light 
Railways in England, Scotland, ana Wales. — Appendices and Index. 

" Will remain, for some time yet a Stahdakd Work in everything relating to Ught 
StMilwm.''^ Engineer. 

" llie whole subject is izHAnsTrvKLT and PRAcnoALLT considered. The work can be 
cordially recommended as nrDiapKHSABLK to those whose duty it is to become acquainted 
with one of the prime necessities of the immediate future.*' — RaUwap OfieuU GatetU. 
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Fourth Edition, Thoroughly KevUed and Greatly Enlarged. 
With Numerous lilustnUions. Pries 10s, 6cL 

VALVES AND VALVE-GEARING: 

A PRACTICAL TEXT-BOOK FOR THE USE OF 
ENGINEERS, DRAUGHTSMEN, AND STUDENTS. 

By CHARLES HURST, Practical Draughtsman. 



Part I.— Steam Engine Valves. 
Pabt II.— Oas Engine Valvea and 
Oean. 



Part III.— Air (Compressor Valves and 

Gearing. 
Part IV.— Pump Valves. 



"Ma. Huaars valtxs and VALV»«BAaiira will prove a very valuable aid, and tend to the 
Vtoduotlon of Engines of soiainrific dbbion and ■ookohioal woaKiira. . . . Will be largely 
aootbt after by Students and Desiimers."— JfarfM Snainttr. 

" As a practical treatise on tne subject, the book stands without a rival"— IfccAantcoZ 
World. 



Hints on Steam Enerlne Deelsrn and Constniotlon. By Chabus 

Hurst, "Author of Valves and Valve Gearing." Second EditioNi 

Revised. In Paper Boards, 8vo., Cloth Back. Illustrated. Prioe 

Is. 6d. net. 

OoNTiurTS.— I. Steam Pipes.— II. Valves.— III. Gylinders.— FV. Air Pumps and Con- 
d«nsers.-V. Motion Work.— VI. Crank Shafts and Pedestals.— VIL Valve Gear.— VIIL 
Lubrication.— IX. Miscellaneous Details — Ivdbx. 

"A handy volume which every practicAl young engineer should (>ossesB."— 7^ ModUt 
Engineer. _ 

Sixth Edition. Folio, strongly half-bound, a is. 

TRiLVERSE: rrABIjES: 

Computed to Four Places of Decimals for every Minute of Angle 

up to 100 of Distance. 

For the Use of Surveyors and Engineers. 
By RICHARD LLOYD GURDEN, 

Authorised Surveyor for the Governments of New South Wales ano Victoria. 

%* Fuiiished with thi Cancurrena sf tMi Suroiyors-GeMerai for New Stmt A 

tVaUsand Victoria, 

"Those who have eiq^ence m exact Sukvbv-wokk will best know liow to appredate 
the enormous amount of labour represented by tids valuable book. The computations 
enable the user to ascertain the sines and cosines for a distance of twelve miles to within 
half an inch, and this by rbfbrbncb to but Omb Tablb, in place ol the usual Fifteen 
minute computations required. Thu alone is evidence of the assistance which the Tables 
ensure to every user, uid as every Survejror in active practice has felt the want of such 
assistance fbw knowing op thbib publication will remain without tmbm." 

^Engineer. 

Strongly Bound in Super Royal 8vo. Cloth Boards. 7s. 6d. net. 



For CalculatinfiT Wasres on the Bonus or Premium Systems. 

For Engineering, Technical and Allied Trades. 
By henry a. GOLDING, A.M.I nst.M.E., 

Technical AsslBtant to Messrs. Bryan Donkln and Clench. Ltd., and Assistant Lecturer 
in Mechanical Engineering at the Northampton Institute, London, E.O. 

"Cannot fail to prove practically serviceable to those for whom they have been 
designed. "—iStotsman. 

lONDON : CHARLES BRIFFIM « CO.. LIMITED. EXETER STREET. STRAND. 
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Just Ready. Sboond Edition. Large Syo, Handsome Cloth. With 

IllilBtrationBy Tables, &c. 

Lubrication & Lubricants: 

A TREATISE ON THE 
THEORY AND PRACTICE OF LUBRICATION 

AND ON THE 

NATURE, PROPERTIES, AND TESTING OF LUBRICANTS. 
By LEONARD ARCHBUTT, F.I.O., F.O.S., 

Chemist to the Midland Railway Oompany, 
AND 

R. MOUNTFORD DEELEY, M.I.Mech.E., F.G.S., 

Chief LocomotiTe Superintendent, Midland Railway Company. 

CORTINTS.— I. Friction of Solids.— 11. Liquid Friction or Visootity. and PlMtlo 
IHction.— IIL Saperilcial Tension.— IV. The Theory of Lubrication.— v. Lubrioantt, 
their Sooroei, Preparation, and Properties.— VI. Physical Properties and Methods of 
Izamination of Lubricants.— VII. Chemical Properties and Methods of Examination 
of Lubricants.— Vin. The Systematic Testing of Lubricants by Phvsioal and Chemioal 
Methods.— IX. The Mechanical Testins of Lubricants.- X. The Design and Lnbrioatlon 
of Bearings.— XI. The Lubrication of Macliinery.— Index. 

" Destined to become a olassio on tiie nuhject."— Industries and Iron, 
" Contains practically all that is known on the subject. Deserres the careful 
attention of all Engineers."— iZatfway OJleial Oazette. 



Fourth Edition. Very/uUy lUustnUed, Oloth, 4«. M, 

STEAM " BOILERS: 

TBXIB DEFECTS, MANAOEMENT, AND OONSTRUOTION. 

By R D. MUNRO, 

CAi^ Bngineer of tks Scottish Boiler Insurance and Engine Inspection Companj 

Gbnbral CoNTSNTS.— I. EXPLOSIONS causcd (i) by Overheating of Plates— <a) By 
Defective and Overloaded Safety Valves — (3) By Corrosion, Internal or £xtenial-Hf4) By 
Defective Desi|i;n and Construction (Unsupported Flue Tubes ; Unstrengthened Manlioles ; 
D^ective Staymg ; Strength of Ri vetted Joints ; Factor of Safety)— II. Constkuction of 
VaxTiCAL Boilbrb: Shells— Crown Plates and Uptake Tubes— Man^Holes, Mud-Holes» 
and Fire-Holes — Fireboxes — Mountings — Management — Cleaning — Table of Bursting 
Pressures of Steel Boilers — Table of Kivetted joints — Specifications and Drawings of 
lancashure Boiler for Working Pressures (a) 80 lbs. ; (6) aoo Ids. per square inch respectively. 

'* A valuable companion for workmen and engineers engaged about Steam Boilers, ought 
to be carefullv studied, and always at hand."— Ci?//. Gitai^tiaK. 

" The book is vbsy usbpul, especially to steam users, artisans, and young Engineers."— 
Sngituer, 

Bt thb same Author. 

KITCHEN BOILER EXPLOSIONS: Why 

they Occur, and How to Prevent their Occurrence. A Practical Hand- 
book based on Actual Experiment. With Diagram and Coloured Plate. 
Price 3s. 

LONDON : CHARLES GRIFFIN ft CO., LIMITED, EXETER STREET, STRAND. 
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In Crown 8w, Cbth, Fully Illustrated, 5x. net, 

EMERY GRINDING MACHINERY. 

A Text-Book of Workshop Praetlee In General Tool Grinding, land the 
Design, Construction, and Application of the Machines Employed. 

By R. B. HODGSON, A.M.Inst.Mech.E. 

Introduction. — ^Tool Grinding. — Emery Wheels. — Momiting Emerv Wheels. 
—Emery Rings and Cylinders. — Conditions to Ensure Efficient Working. — 
Leading Types of Machines.— Concave and Convex Grinding.— Cup and 0>ne 
Machines. — Multiple Grinding. — "Guest" Universal and Cutter Grinding 
Machines. — Ward Universal Cutter Grinder. — Press. — Tool Grinding. — Lathe 
Centre Grinder.— Polishing.— Indbx. 

" Eminently practical . . . cannot fail to attract the notice of the users of this class of 
ouchinery, ana to meet with careful perusal." — Chem. Tradtjommal, 



In Three Parts. Crown 8vo, Handsome Cloth. Very Fully Illustrated. 

MOTOR-CAR MECHANISM AND MANAGEMENT. 

By W. POYNTER ADAMS, M.Inst.E.E. 

Part I.— The Petrol Car. Part IL— The Electrical Car. 

Part UI.—The Steam Car. 



PART I.— THE PETROL CAR. 5s. net 

Contents.— Section I.— The Mechanism of the Petrol Car.— 
The Engine. — The Engine Accessories. — Electrical Ignition and Accessories. 
— Multiple Cylinder Engines. — ^The Petrol. — The Chassis and Driving Gear. 
— Section II. — The Management of the Petrol Car. — The Engine. — 
The Engine Accessories. — Electrical Ignition. — The Chassis and Driving 
Gear. — General Management — Glossary. — Index. 

" Should be carefully studied by those who have anything to do with motors." — Auto^ 
mobilt and Carriage Builder^ Journal. 



At Press. In Large 8vo. Handsome Cloth. Very Fully Illustrated. 

A MANUAL OF 

PETROL MOTORS AND MOTOR-CARS. 

Comprising the Designing, Construction, and Wortting of Petrol Motors, 

By F. STRICKLAND. 

General Contekts.— Part I.: Ehoines.— Historical.— Power Required.— General 
Arrangement of Englnei.- Ignition. -Carburettors.- Cylinders, Pistons, Valves, Ac- 
Crank Shafts, Crank Chambers, Cams, Kunners, Guides, Ac. —Pumps.- Flywheels. — 
Pipe Arrangements.— Silencers.— Engine Control, Balancing.— Motor Cycle Engines.— 
Marine Motors.— Two^ycle Motors.— Paraffin Carburettors.— Gas Producers. PART 
II.: Cars. — General Arrangements.— Clutches. — Transmission. — Differential Gears.— 
VniTersal Joints.— Axles. — Springs. — Radius Rods. — Brakes. — Wheels. — Frames. — 
Steering Gear. — Radiator. — Steps, Mudguards, Bonnets, Ac. — Lubrication. — Ball 
Bearings.— Bodies.— Factors of Safety.— Calculations of Stresses.— Special Change Speed 
Gears.— Special Cars.— Commercial Vehicles.— Racing Cars.— Index. 

LONDON: CHARLES flRIFFIN A CO.. IIHITED. EXETER STREET, STRANa 
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WOBKS BY 
ANDREW JAMIESON, M.Inst.CE., M.I.KE^ F.R.S.E., 

Formerly Profexxor of Electrical En^ifueriftg^ The Glas. and W, of Scot. Tech, Coll. 

PROFESSOR JAMIESON'S ADVANCED TEXT-BOOKS. 

In Large Croum %vo. Fully RlustratecU 

STEAM AND STEAM-ENGINES, INCLUDING TURBINES 

AND BOILERS. For the Use of Engineers and for Students preparing 
for Examinations With 800 pp., over 4CX) Illustrations, 1 1 Plates, many 
B. of E., C. and G., Questions and Answers, and all Inst. C.E. Exams, 
on Theory of Heat Engines. Fifteenth Edition, Revised. los. 6d. 
" Tbe Best Book yet published for the use of Students."— i?M!^»Mirr. 

APPLIED MECHANICS & MECHANICAL ENGINEERING. 

Inchiding All Die Inst. C.E. Exams, in (l) Applied Mechanics; 
(2) Strength and Elasticity of Materials ; (3a) Theory of Structures ; 
(ii) Theory of Machines ; Hydraulics. Also B. of E. ; C. and G. Questions. 
Vol. I. — Comprising 568 pages, 3cx> Illustrations, and Questions : 
Part I., The Principle of Work and its Applications; Part II.: Friction, 
Lubrication of Bearings, &c. ; Different kinds of Gearing and their Appli- 
cations to Workshop Tools, &c. Fifth Edition. 8s. 6d. 

" Fully maintains the reputation of the Author."— /'rof-/. Engineer. 

Vol. II. — Comprising Parts III. to VI., with over 800 pages, 371 Illus- 
trations ; Motion and Energy, Theory of Structures or Graphic Statics ; 
Strength and Elasticity of Materials ; Hydraulics and Hydraulic 
Machinery. Fifth Edition. 12s. 6d. 

"Wbll and lucidly written/'— 71** Engineer. 

•»♦ Each of the abot'e volumes is complete in itself^ and sold separately. 



PROFESSOR JAMIESON'S INTRODUCTORY MANUALS 

Crown %T}0, IVith Illustrations and Examination Papers, 

STEAM AND THE STEAM-ENGINE (Elementary 

Manual of). For First- Year Students, forming an Introduction to the 
Author's larger Work. Eleventh Edition, Revised and Enlarged. 3/6. 

" Should be in the hands of svbry engineering apprentice.'* — Practical Em^ineer. 

MAGNETISM AND ELECTRICITY (Practical Elementary 

Manual of). For First-Year Students. With Stud Inst.C. E. and B. of E. 
Exam. Questions. Seventh Edition, Revised and Enlarged. 3/6, 
•• A THOKOUGHLY TRUSTWORTHY Text-book. PRACTICAL and dear."— iVa/wnr. 

APPLIED MECHANICS (Elementary Manual of). 

For First- Year Students. With B. of E., C. and G. ; and Stud. Inst. C.E. 
Questions. Seventh Edition, Revised and Greatly Enlarged, 3/6. 
" 'Che work has very high qualitiss, which may be condensed into the one woni 
* CLSAR.' **—Science and Art. 

A POCKET-BOOK of ELECTRICAL RULES and TABLES. 

For the Use of Electricians and Engineers. By John Munro, C.E., 
and Prof. Jamieson. Pocket Size. Leather, 8s. 6d. Eighteenth 
Edition. [See p. 48. 
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WORKS BY 

W. J. HAGQUORM RANKIME, LL.D., F.R.S., 

ImU R§gliu Proftuwr of CMI Engliiotiing In tkt Unlotnltif of Qlatgom. 

THOBOUOHLT UVUKD BT 

W. J. MILLAE, C.E., 

Uto Soorttaiy to tho IntUtitto of Englnoon and MpbuMon In Sootlnnd. 



A MANUAL OF APPLIED MECHANICS : 

Oomprlnng the Principles of Statics and Cinematics, and Theory of 
Stmotores, Mechanism, and Machines. With Numerous Diagrams. 
Crown 8yo, cloth. Sbysmtkbnth Edition. 12b. 6d. 



A MANUAL OF CIVIL ENGINEERING : 

Comprising Engineering Surreys, Earthwork, Foundations, Masonry, Car- 
pentry, Metal Work, Roads, Railways, CanaU, Rivers, Waterworks, 
Harbours, &o. With Numerous Tables and Illustrations. Crown 8yo. 
doth. Twxnty-Sboond Edition. 16s. 



A MANUAL OF MACHINERY AND MILLWORK : 

Comprising the Geometry, Motions, Work, Strength, Construction, and 
Objects of Machines, &c. Illustrated with nearly 800 Woodcuts, 
Crown 8yo^ doth. Skyknth Edition. 12s. 6d. 



A MANUAL OF THE STEAM-ENGINE AND OTHER 

PRIME MOVERS : 

With a Section on Gas, Oil, and Aib Enoinbs, by Bbtan Donkin,. 
M.Inst C.E. With Folding Plates and Numerous Illustrations. 
Crown 8yo, cloth. Sixtunth Edition. 12s. 6d. 

tONDON: GHUIES GRIFFW A CO.. LIMITED. EXETER STREET. STRAND 
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Prof. Rankinb's Works — {Continued). 

USEFUL RULES AND TABLES : 

ffor Arohiteoto, Builders, Bngineen, Fonnden, Meohanios, Shipbuilders, 
Sorreyors, &o. With Appbndix for the use of Elsotrkul Bnohtrrrb 
By Professor Jamiuon, F.R.S.E. Sryrnth Edition. 10b. 6d. 



A MECHANICAL TEXT-BOOK : 

A Praotioal and Simple Introdaotion to the Study of Meoluuiios. By 
Professor Rakkinb and E. F. Bambbb, C.E. With Numerous Illus- 
trations. Crown 8vo, oloth. Futh Edition. 9s. 

%* Tht ** MiGHijnoAL Tbxt-Book " wa$ dnigmd ftf ProfaMor Bahxihs m an Istbo- 
D9onos to the abopt Seriet of Mtmualt, 



MISCELLANEOUS SCIENTIFIC PAPERS. 

Royal Svo. Cloth, Sis. 6d« 

Part I. Papers relating to Temperature, Elastloity, and Expansion of 
Vapours, Liquids, and Solids. Part II. Papers on Energy and its Trans- 
formations. Part m. Papers on Wave-Forms, Propulsion of Vessels, &o. 

With Memoir by Professor Tait, M. A. Edited by W. J. Millab, O.S. 
With fine Portrait on Steel, Plates, and Diagrams. 

" No more endurmg Memorial of Professor Rankine could be devised than the pablics- 
tioa of theM papers in an accessible form. . . . The Collection is most valuable oa 
account of the nature of his discoveries, and the beauty and completeness of his analyiis. 
. . . The Vdiune exceeds in importance any work m the same depaatment pnbliuMd 
in our €aD».*'^-Arch$Uct, 



By W. VINCENT SHELTON (Foreman to 

the Imperial Ottoman Gun Factories, Constantinople) : 

THE MECHANIC'S GUIDE : A Hand-Book for Engineers and 
Artisans. With Copious Tables and Valuable Recipes for Piuctical Use. 
Illustrated. Second Edition, Crown 8yo. Qoth, 7/6. 

LONDON : CHARLES GRIFFIN « C0« LIMITED^ EXETER STREET, STRANa 
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Third Edition, Thoroughly Revised and Enlarged, With 60 Plates and 
Numerous Jllustrations, Handsome Cloth, ^^s, 

HYDRAULIC POWER 



AND 



HYDRAULIC MACHINERY. 

BT 

HENRY ROBINSON, M. iNST. C.E., F.G.S.. 

FBLLOW OF KINQTs COLLBGB, LONDON ; FKOF. BMBRITUS OF CITtL BNGINXBUNG, 

KINGS COLLXGB, BTC, BTC 

CoNTBNTS — Dischaive throueh Orifices. — Flow of Water through Pipes. — Accumulators. 
— Presses and Lifts. — Hoists. — Kams. — Hydraulic Engines. — Pumping Engines. — Capstans. 
— Traversers. — ^Jacks. — Weighing Machines. — Riveters and Shop Tools. — Punching, 
Shearing, and Flanging Machines. — Cranes. — Coal Discharging Machines.— Drills and 
Cutters. — Pile Drivers, Excavators, &c. — Hydraulic Machinery applied to Bridees^ Dock 
Gates, Wheels and Turbines. — Shields. — Various Systems and Power Installations — 
Meters, &c.— Index. 

"The standard work on the application of water power." — Cauurs Magasifi^, 



Second Edition^ QreaUy Enlarged, With Frcniiapiece^ MVtral 
Plates, and aver 250 lUuUratuma. 21«. net. 

THE PRDICIPLES AND COHSTRUCnOR OF 

PUMPING MACHINERY 

(STEAM AND WATER PRESSURE). 

With Praotioal lUnstimtioiui of Enoinbs and Pumps applied to Miimro, 

Town Water Supply, Drainaok of Landa, &o., abo Eoonomy 

and Efficiency Trials of Pumping Machinery. 

By henry DAVEY, 

Member of the Inatitntlon of Civil Engineers, Member of the Initltation of 

Mechaniol Enfflneere, F.O.S., Ao. 



Ck>MTXNTS — Early History of Pnmpinff En^es — Steam Pomping 

Pomps and Pamp Valves — General l*rinciples of Non-Rotative Pmnping 
Engines — ^The Cornish Engine, Simple and Componnd— Types of M'lniwg 
Ekigines — Pit Work—Shaft Sinking — Hydraulic Transmission of Power in 
Mines — Electric Transmission of Power — Valve Grears of Pumping Engines 
— Water Prebsure Pumping Engines — Water Works En^es — Pumping 
Engine Economy and Trials of Pumping Machinery — Centrifugal and other 
Low-Lift Pumps — Hydraulic Bams, Pumping Mains, kc — Index. 

**B7 the *one English Engineer who probably knowa more abont Punping Maehinery 
than Airr othkk.* ... A. voluxs EsooRDiva rta kssults of lovc ■zpskuvob ahd 
•TDDT."— 7%« Engiuter. 

'* UndonbtedlyTBB mwn jjtd most raAcnoAL tbsatisb on Pumping Maohinery that has 
ncT BBBif PUBLUHBO.**— ifintfiig JommoL 

LONDON : CHARLES GRIFFIN « CO.. LIMITED, EXETER STREET. STRAND 
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Royal 800, Hond9om€ Oioth. With numoroua lllustrattona and Tabloa. 26», 

THE STABILITY OP SHIPS. 

BY 

SIR EDWARD J. REED, K.C.B., F.R.S., M.?., 

onobt or thb imperial okdbks op st. 8tanilaus op xdssia ; pkamcis josbph op 

austsia; mbdjidib op tuxkby; and kising sum op japan; vicp- 

pxasiobnt op thb institution op naval axcmitbcts. 

" Sb Bdward Rkbd's ' Stability op Ships * is intaluablb. The Naval Ab chi tbct 
will find bronght togetner and readv to hu hand* a mass of infonnation which h« would oChsr- 
wise have to sedc in an almost emUess variety of publications, and some of which he would 
possibly not be able to obtain at all elsewhere."— 52rai»wA^. 



THE DESIGN AND OONSTBUOTION OF SHIPS. By ;ohn 
Harvard Bilrs, M.Inst.N.A., Professor of Naval Architecture in the 
University of Glasgow. [In Preparation. 



Third Edition. Illastrated with Plates, Numerous Diagrams, and 

Figures in the Text. 1 8s. net 

STEEL SH IPSs 

THEIB CONSTBUCTION AND MAINTENANOB. 

A Manual for Shipbuilders, Ship Superintendents, Students, 

and Marine Engineers. 

By THOMAS WALTON, Naval Architect, 

AUTHOR OF *' KNOW YOUR OWN SHIP." 

GoNTKNTS.— I. Manufacture of Cast Iron, Wrought Iron, and SteeL — Com- 
position of Iron and Steel, (Quality, Strength, Tests, kc. II. Classification of 
Steel Ships. III. Considerations in making choice of Type of Vessel — Fiamine 
of Ships. IV. Strains* experienced by Ships. —Metnods of Computing and 
Comparing Strengths of Ships. V. Construction of Ships. — Alternative Modes 
of Construction. — Types of Vessels. — Turret, Self Trimming, and Tmnk 
Steamers, &c. — Rivets and Rivetting, Workmanship. VL Pumping Arrange- 
ments. VII. Maintenance. — Prevention of Deterioration in the Hulls of 

Ships. — Cement, Paint, &c.— Index. 

^* So thorouffh and weil written is every ehapter in the book that it is dlfflonlt to Mleet 
anv of them as being worthy of exceptional praise. Altogether, the work it excellent, and 
will prove of great valne to those for whom It is intended. —7%« BngifMer. 



At Press. In Handsome Cloth. Very fully Illastrated. 

PRESENT-DAY SHIPBUILDING. 

For Shipyard Students, Ships^ Officers, and Engineers. 

By THOS. WALTON, 

Aathor of "Know Your Own Ship." 

General Contents. — Classification. —Materials used in Shipbuilding. — 
Alternative Modes of Construction. — Details of Construction. — Frammg, 
Plating, Rivetting, Stem Frames, Twin-Screw Arrangements, Water 
Ballast Arrangements, Loading and Discharging Gear, &c. — Types of 
Vessels, including Atlantic Liners, Cargo Steamers, Oil carrying Steamers, 
Turret and other Self Trimming Steamers, &c.— Index. 

LONDON: CHARLES 6R1FFIN i CO., LIMITED. EXETER 8TREEL STRAND. 
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GRIFFIN'S NAUTICAL SERIES. 

Editkd bt EDW. BLACKMORB, 
Maiter Mariner, First Cl«u Trinity Hoom Certifloate, Amoo. Init. N.A. ; 

Aud Writtbn, madilt, by Sailobs for 811LOB8. 



"This admibabli siribb."— JFa^rtoy. *'A yirt usBruL SBBin."— JTofuiw. 

" Byirt Ship should have the wholb Sinus as a BmRnroi Librabt. Havd- 
BOMBLT bound, olba&lt pbihtbd and tLLOvsKkrm):'— Liverpool Jmim, <^ CwmBMm, 

The British Hereantile Marine : An Historical Sketch of its Rise 
and Development. B7 the Bditor, Caft. Blaokm orb. 8s. Od. 
" Captain BlackmoresSPLBNDiD book . . . contains paragraphs on every point 
of interest to the Merchant Marine. The 248 pages of this book are thb MO8T VALU- 
ABLB to the sea captain that have bvbr been oompilbd."— Jf«reAaiU iServiof Amne. 

Elementary Seamanship. By D. Wilbon-Babkbr, Master Mariner^ 
r.R.S.B., F.R.Q.8. with numerous Plates, two in Colours, and Vrontlspieoe^ 
Fourth Edition, Thoroughly Revised. With additional Illustrations, es. 
"This admirablb manual, by Capt. Wilson Barkir, of the ' Worcester,' seems 

to OS PumoTLT DBSIONBD. "—^tft^mrum. 



Know Your Own Ship : a Simple Explanation of the SUbility, Con- 
struction, Tonnage, and freeboard ox Ships. By THO6. WALTON, Naval Architect. 
With numerous Illustrations and additional Chapters on Buoyancy, Trim, and 
Calculations. Ninth Edition. Tb. 6d. 
" Mr. Walton's book will be found ybrt usbful."— TA« Engineer, 

Nayiflratlon : Theoretical and Practical. By D. Wilson-Babksb 

and William Allinoham. Second Edition. Bevised. 8s. 6d. 
" Prboibblt the kind of work required for the New Certificates of competency. 
Candidates will find it invaluablb. "—DundM Advertieer, 

Marine Meteorology: For Officers of the Merchant Kayy. Bv 
WiLUAM ALLINOHAM, First Class Honours, Navigation, Science and Art Department 
With Illustrations, Maps, and Diagrams, and /aaimHe reproduction of log page. 
7s. 6d. 
" Quite the bbst publication on this Buhject."— Shipping Gazette, 

Latitude and Longitude : How to find them. By W. J. Millab, 

C.B. Sboond Edition, Bevised. St. 

" Cannot but prove an acquisition to those studying Navigation."— Jforifie Engineer. 

Practical Mechanics : Applied to the reqairements of the Sailor. 
By THoe. Maokbnzib, Master Mariner, F.B.A.S. Sboond Edition, Bevised. 8s. Od. 
" Well worth the money . . . bxcbbdinolt RKLnvh." —Shipping World. 

Trigonometry : For the Young Sailor, &c By Rich. C. Buck, of the 
lliames Nautical Training College, H.M.S. " Worcester." Third Edition, Bevised. 
Price 8s. 6d. 
" This BMINBNTLT PRAOTIOAL and reliable ro\vane."—Schoolnuuter. 



Practical Algebra. By Rioh. C. Buck. Companion Volume to the 
above, fbr Sailors and others. Second Edition, Bevised. Price 8s. 6d. 
" It is JUST thb book for the young sailor mindful of progress, "—iiraueieal Magatine. 

The Lesral Duties of Shipmasters. By Bkicbdiot Wm. Ginsbubo, 

M.A., LL.D., of the Inner Temple and Northern Circuit: Barrister-at-Law. SICOND 

Edition, Thoroughly Bevised and Enlarged. Price 4s. 6d. 

" INYALU ABLB to masters. . . . We can fully recommend it. "—^^jptf^GoMCte. 

A Medical and Surgical Help for Shipmasters. Including Pint 

Aid at Sea. By Wm. Johnson Smith, F.&.C.8., ninoipal Medical Officer, Seamen's 
Hospital, Greenwich. Third Edition, Thoroughly Bevised. es. 
" Sound, judicious, rballt hblptul."— rA« Laneet, 

LONDON: CHARLES 6RIFF1N A CO., LIMITED, EXETER STREET, STRAND. 
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GRIFFIN'S NAUTICAL SERIES . 

Introductory Volume, Price Ss, 6d. 

THE 

British Mercantile Marine. 

By EDWARD BLACKMORE, 

ICASTBR MARINER; ASSOCIATB OP THB INSTITUTION OP NAVAL ARCHITBCTSi 

MBMBBR OP THB INSTITUTION OP BNGINBBRS AND SHIPBUILDBRS 

IN SCOTXJkND; BOrrOR OP CRIPPIN'S "NAUTICAL SBRIBS." 

GmrsRAL CoNTKNTB.— Historical : From Early Times to I486— ProgreH 
ander Henry VIII.— To Death of Mary— Durinff Elizabeth's Reign— Up to 
the Reign of William III— The 18th and 19th Centuries— Institation of 
Examinations — Rise and Progress of Steam Propulsion — Development of 
Free Trade— Shipping Legislation, 1862 to 1875— " Locksley HaU** Case- 
Shipmasters' Societies— Loaiding of Ships — Shipping Legislation, 1884 to 1894 — 
Statistics of Shipping. Thx Personnel : Shipowners— Officers— M«riner»— 
Duties and Present Position. Education : A Seaman's Eklucation : what it 
should be — Present Means of Education— Hints. Discipline and Duty — 
Postscript — The Serious Decrease in the Number of British Seamen,' a Matter 
demanding the Attention of the Nation. 

" Intbrbsting and Imstbdctivb . . . may be read with fboitt and kijotmbht."- 
Blatgow BereUd. 

'^EvEBT branch of the sabject la dealt with In a way which sbowB that the writer 
* knows the ropes* familiarly.**— /Seottman. 

"This ADioBABUi book . . . TBKMB wlth uBeful information— Sionld be In the 
hands of every Sailor."— ITe^/ern Morning Newt. 



Fourth Edition, Thoroughly Revised. With Additional 

Illustrationa, Price 68, 



ELEMENTARY SEAMANSHIP. 

BT 

D. WILSON-BARKER, Master Mariner; F.R.S.E., F.R.G.S.,&a, &o. 

TOUNGEB BROTHBK Or THB TRIMITT HOUSE. 

With Frontispiece, Numerous Plates (Two in Colours), and lUoBtratioiii 

in the Text. 

General Contents.— The Building of a Ship; Parts of Hull, Masts, 
fta — Ropes, Knots^ Splicing, &c. — Grear, Lead and Log, &c — Ringing, 
Anchors — Sailmaking — The Sails, &c. — Handling of -Boats under Sai] — 
Signals and Signalling — Rule of the Road— Keeping and Relieving Watch — 
Points of Etiquette — Glossary of Sea Terms and Phrases — Index. 

*•* The volume contains the hxw bulbs of thb boao. 

** This AOMUUBLX MANUAU by Oapt. Wilsoh-Baxkbb of the ' Worcester/ seems to as 
PBBVBorLT DKBiQifBD. and holds its place excellently in * QBxrmi'B Nadttoai. Sbbibs.' . . . 
Although intended for those who are to become Officers of the Merchant Navy, it will be 
foond usefnl by all YACBTBiaai.'*^Alhenmum. 

\* For complete List of Qsonrm's Nadtioal Skbibs, see p. 89. 

LONDON : CHARLES GRIFFIN ft CO.. LIMITED, EXETER STREET, STRAND. 
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GRIFFIN'S NAUTICAL SERIES. 

Second Edition, Revised and IllustraUd, Price Ss. 6d, 

NAViaATION: 



By DAVID WILSON-BARKER, RN.R, F.RS.R, &o., Ac, 

WILLIAM ALLINGHAM, 

nB8T-43LA88 H0N0UB8, HAYiaATIOH, 80IBK0B AND ABT DIPABIMSnT. 

TRIlitb flumeroud 5llu0tration0 and Biamfnation (ftuestiona. 

GiNBBAL Contents.— DefinitioDB — Latitude and Longitade— Instroiiienta 
of Navigation — Correction of Courses — Plane Sailing — Traverse Sailing— Day's 
Work — Parallel Sailing — Middle Latitude SaLling — Mercat6r's Chart— 
Mercator Sailing — Current Sailing — Position by Bearings— Great Circle Sailing 
— The Tides— Questions — Appendix : Compass Error — Numerous Useful Hints, 
fta — Index. 

*' PasoiflSLT the kind of work required for the New Gertiflc«tes of oompetency in padea 
from Second Aiate to extra Master. . . . Candidates will find it uvaluablk"— i^MiMfM 
A490rtistr. 

*' A OAnTAL UTTLS BOOK . . . ■peoisUy adapted to the New Examinations. Hie 
Anthora are Oapt. Woson-Babksb (Capt&in-Saperintendent of the Naatlcal Oollege, ELM.B 
' Worcester,* who has had great experience in the highest problems of Navigation), and 
Mm. ALLnraHAM, a well-known writer on the Science of Navigation and Nautical Astronomy. ** 
^SMppiMg ITorldL 



Handsome Cloth, Fully Illustrated, Price 7s, 6d, 

MARINE METEOROLOGY, 

FOB OFFICERS OF THE MERCHANT NAVT. 
By WILLIAM ALLINGHAM, 

Joint Author of " Navigation, Theoretical and Practical." 

With numerous Plates, Maps, Diagrams, and Illustrations, and a facsimile 
Reproduction of a Page from an actual Meteorological Log-Book. 

SUMMARY OF CONTENTS. 

IHTBODUCTORT.— Instraments Used at Sea for Meteorological Purposes.— Meteoro- 
logical Log-Books.— Atmospheric Pressare.— Air Temperatures.— Sea Temperatures.— 
Ifnnds.— Wind Force Scales.— History of the Law of Storms.— Hurricanes, Seasons, and 
Storm Tracks.— Solution of the Cyclone Problem.— Ocean Currents.— Icebergs.— Syn* 
chronoui Charts.— Dew, Mists, Fogs, and Haze.— Clouds.— Rain, Snow, and Hail.— 
Mirage, Kalnbows, Coronas, Halos, and Meteors.- Lightning, Corposants, and Auroras.— 
<)UKTiOH8.— Appendix.— INDBX. 

** Quite the bbst publication, ahd certainly the most ihtxebstiho, on this sabject eYsr 
ivesented to Naatlcal mea."— Shipping Gamtte. 

*^* For Complete List of Griffin's Nautical Sbriis, see p. 39. 

(.ONDON: CHARLES GRIFFIN ft CO.. LIMIFED. EXETER STREET. STRAND. 
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GRIFFnrS NAUTICAL SERIES. 

Sboond Edition, Reyisbd. With Numerous IlluBtrations. Price 3«. 6d. 

Practical Mechanics: 

Applied to the Bequirements of the Sailor. 

By THOS. MACKENZIE, 

IfoMter MariMT, F.R.A.8. 

GxNXRAL Contents. — Resolution and Composition of Forces — Work done 
by Machines and Living Agents — The Mechanical Powers: The Lever; 
Derricks as Bent Levers — The Wheel and Axle : Windlass ; Ship's Capstan ; 
Grab Winch—Tackles: the **01d Man'*— The Inclined Plane; the Screws 
The Centre of Gravity of a Ship and Cargo — Relative -Strexigth of Rope : 
Steel Wire, Manillaj Hemp, Coir — Derricks and Shears— Calculation of the 
Cross-breaking Stram of Fir Spar — Centre of Efifort of Sails — Hydrostatics: 
tile Diving-bell ; Stability of Floating Bodies ; the Ship's Pump, &c. 

" This exqellsnt book . . . contains a large amount of information.'^ 
— Naiure, 

" Well worth the money . . . will be found exoeedinolt HELPruL.*'— 
ShSmokng World, 

''No Ships' Officers' bookcase will henceforth be complete without 
Captain Ma.ckenzib's * Practical Mechanics.' Notwithstanding my many 
Tears* experience at sea, it has told me Aou? much more there is to acquire,** — 
(Letter to the Publishers from a Master Mariner). 

** I must express my thanks to you for the labour and care you have takep 
in 'Practical Mechanics.' . . . It is a life's experience. . . 
What an amount we frequently see wasted by rigging purchases without reaaoin 
and accidents to spars, &c., &c. ! * Practical Mechanics ' would save all 
this." — (Letter to the Author from another Master Mariner). 



WORKS BY RICHARD C. BUCK, 

Of the Thames Naatical Training College, H.M.S. ' Worcester.' 

A Manual of Trig^onometry : 

With Diagrams, Examples, and Exercises. Price 8s. 6d. 

Third Edition, Revised and Corrected. 

*«* Mr. Buck's Text-Book has been specially prepared with a view 

to the New Examinations of the Board of Trade, in which Trigonometry 

is an obligatory subject. 

'*ThiB BKoniiTLT PSAonoAL and kkliablb YOLxna."— Schoolmaster. 

A Manual of Algebra. 

Designed to meet the Requirements of Sailors and others. 
Second Edition, Revised. Price Ss. 6d. 

%* These elementary works on alqkbka and trioonombtst are written speetally foi 
those who will have little opportunity of oonsulting a Teacher. They are books tot "SUF 
■BLP." All but the simplest explanations have, therefore, been avoided, and Airawsas te 
the Kzeroises are given. Any person may readily, by careful studv, become master of their 
eontents, and thus lay the foundation for a further mathematical course. If desired. It Is 
hoped that to the younger Officers of our Mercantile Marine they will be foimd deddsdly 
senrioeable. The Examples and Exercises are taken from the Examination Papers isl for 
the Oadets of the '' Worcester* 

" Olearly arranged, and well got up. . . A first-rate Elementary Algebra — 
Nautical Magaxint. 

%*For complete List of QBnrrni's Nautical Bsrhm. see p. 89. 
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GRUmrS yAUTICAL SERIES. 

Skcond EDiTioNf Thoroughly Revised and Extended. In Crown 8yo. 

Handsome Cloth. Price 4s. 6d. 

THE LEGAL DUTIES OF SHIPMASTERS. 

BT 

BENEDICT WM. GINSBURG, M.A., LL.D. (Oantar), 

Of the Inner Temple and Northern Circuit; Barriiter*at*Law. 

General Contents.— The QmUiflcation for the Position of Shipmaster— The Con- 
tract with the Shipowner— The Master's Duty in respect of the Crew : Engagement : 
ApiMrentices ; Discipline ; Provisions, Accommodation, and Medical Comforts ; rayment 
Of wages and Discharge— The Master's Duty in respect of the Passengers— The Master's 
financial Responsibilities— The Master's Daty in respect of the Cargo— The Master's 
Duty in Case of Casualty- The Master's Duty to certain Public Authorities— The 
Master's Duty in relation to Pilots, Signals, Flaw, and Light Dues— The Master's Dutf 
upon Arrival at the Port of Discharge — Appendices relative to certain Legal Matters : 
Board of Trade Certificates, Dietarv Scales, Stowage of Grain Cargoes, Load Line Kegula* 
UoM, life-saving Appliances, Carriage of Cattle at Sea, Ac., <kc.— Copious Index. 

*' No Intelligent Master sbonld fail to add this to his list of necessary books. A few Unas 
of it may savx ▲ lawtbb's raa, bssidss kkducss 'WOBXT."— Liverpool Journal of Commerce. 

" SavsiBLB. plainly written, In oleam and mom-tbobmical lavodaob, and will be ftmnd of 
MUCH SKBVicx by the Shipmaster." — British Trade Review. 



Second Edition, Revised. With Diagrams. Price 2s. 

Latitude and Longitude: 



EEovr to Fix&d tKexn. 

By W. J. MILLAR, C.E., 

Late Secretary to the InsL of Engineers and Shipbuilders in acatkmd. 

*' Concisely and clearly w bitten . . . cannot bnt prove an acquisition 
to those studying Navigation." — Marine Engineer, 

" Toung Seamen will find it handt and useful, sikplb and olbak."— The 
Engineer, 

FIRST AID AT SEA. 

Third Edition, Revised. With Coloured Plates and Numerous Dlustra- 

tions, and comprising the latest Regulations Respecting the Carriage 

of Medical Stores on Board Ship. Price 6s. 

A MEDICAL AND SURGICAL HELP 

FOR SHIPMASTERS AND OFFICERS 
IN THE MERCHANT NAVY. 

By WM. JOHNSON SMITH, F.R.O.S., 

Principal Medical Officer, Seamen's Hospital, Oreenwioh. 

*«* The altention of all interested in oar Merchant Navy is reqaeated to thia exoeedlaglj 
oaefnl and Talnable work. It la needleaa to aay that it if the outcome of many years 
pKAoncAL KXFBBiucs amongst Seamen. 

'* SouHD, JUDICIOUS, KSALLT HXLrTUL."— I7k« Loncet. 



• * 
* 



For Complete List of Gsipfin's Nautical Sbbibs, see p. 39. 
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WORKS BT PROF. ROBERT H. SMITH, Assoe.M.I.C.E., 

M.LM.K, M.LE1.K., ILLMlnX, Whit Soh., M.0M.lf6lJL 



THE CALCULUS FOR ENGINEERS 

AND PHYSICISTS, 

Applied to Technical Problems. 

WITH XXTSKSIVB 

OI1A88IFIED BEFEBENCS LIST OF INTBGBALS. 
By PROP. ROBERT H. SMITH. 

▲8SISTKD BT 

R. F. MUIRHEAD, M.A., B.Sa, 

Formerly OUirk Fallow of OlMgow Univendty, uid Lecturer on MethemAtlot at 

Meson College. 

In Crown 8vo, extra^ voith Diagram» and Folding-Plate, 8b. 6d. 

" Pmof . B. H. Smith's book will be serrloeeble in rendering e hard road ▲■ babt as p&actio- 
ABLB for the non-methemetical Student end Engineer."— ^IA«iMeitm. 

*' Interesting diacraniB, with practice! illuBtrations of actual occnrrenoe, are to be foond bete 
In abundance. Thb tut complitb ciASsiriiD ufbuvcb tabu will prove very neeftal Ib 
MTtng the Ume of thoae who want an integral in a hurry."— TK« Knginter, 



EASUREMENT CONVERSIONS 

(English and French) : 
43 GRAPHIC TABLES OR DIAGRAMS, ON 28 PLATES. 

Showing at a glance the Mutual Convsbsion of Mkasubimxntb 

in DirFBBBNT Units 

Of Lengthg, Areaa, Volumea, Weights, Streaaet, Denaitief, Quantitlef 
of Work, Hone Powers, Temperatures, Sso. 

For tAe ua§ of Englnetn, Suroeyon, Anhlteett, and Contraetora. 

In 4tOf Boards, 78, 6d. 

** Prof. Smith's Contbrsion-Tablbs form the most miiqae and 00m- 
prehenaive colleotion ever placed before the profession. By their use mnoh 
ttme and labour will be saved, and the chemces of error in calcnlation 
diminished. It is believed that henceforth no Engineer's Office will be 
considered complete without them. 



Pocket SUe, Leather Limp, with Gilt Edges and Roanded Comers, printed on Special 
Thin Paper, with Illustrations, pp. i-xii + 834. Price 18s. net. 

(THE NEW " NYSTROM ") 

THE MECHANICAL ENGINEER'S REFERENCE BOOK 

A Handbook of Tables, Formtdce and Methods for Engineers, 

Students and Draughtsmen. 

By henry HARRISON SUPLEE, B.Sc, M.E. 

** We feel sure it will be of great service to mechanical engineers."— J?n{^'n«eriii^. 

LONDON : CHARLES BRIFFIN « CO., LIMITED, EXETER STREET, STRAha 
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Second Edition. In Large 8vo. Handsome Cloth. IGs. 

CHEMISTRY FOR ENGINEERS. 

BY 

BERTRAM BLOUNT, and A. G. BLOXAM, 

F.LC.. F.O.8.. A.LO.E. F.LO.. F.0.8. 

OEHBRAL C0NTBMT8.— Introduotlon— Chemittiy of the Chief MaterUli 
of Oonstrnotlon— Bonroef of Energy— Chemistry of Bteam-raltlng— ^niemla- 
try of LubrlcatlOB and Lubrloanta—MetaUurgloal Prooeuea naed In the 
Winning and Mannfaoture of Metals. 

"The aothon hare sdoobkdkd beyond all expectation, and haye prodoeed a work whiota 
slionld give fkssh fowxb to the £nirtneer and ManoflMiturer."— 7^ IVmo. 

By the same Authors, ** Chemistry for Manufacturers," see p. 71. 
In Handsomo Cloth. With about 50 Illustrations. Ss. 6d. net. 

THE ELEMENTS OF CHEMICAL ENGINEERING. 

By J. GROSSMANN, M.A., Ph.D., F.LC. 

WITH A PREFACE BY 

Sir WILLIAM RAMSAY, K.C.B., F.RS. 

CONTEMTS.— The Beaker and its Technical £(|uivalent8.— Distilling Flaeki.Liebig's 
Condensers.— Fractionating Tubes and their Technical Etiuivalents.— The Air-Bath and 
ts Technical Etiiiivalents.— The Blowpipe and Crucible and their Technical EqulTalenta. 
— The Steam Boiler and other Sources of Power.— General Remarks on the Application 
of Heat in Chemical Eu^neering.— The Funnel and its Technical Equivalents.— The 
Mortar and its Technical E<iuivalents. — Measuring Instniments and their Technical 
Bqulvalents.— Materials Used in Chemical Engineering and their Mode of Application.— 
Technical Research and the Designing of Plant. — Couclusion.— Chemicals and Materials. 
—Index. 

" Excellent. . . . ETcry student of chemistry attending a technical course should 
obtain a copy."— CA^wnco/ News. 



Works by WALTER R, BROWNE , M.A., M.lNST.C.E. 

THE STUDENT'S MECHANICS: 

An Introdaction to the Study of Force and Motion. 

With Diagiams. Crown 8yo. Cloth, 48. 6d. 

** Qear In style and practical in method, 'Thb Studbnt's Mbchamics' is oonlia]ly to be 
recommended from all points of view."— ^/A«««m«. 



FOUNDATIONS OF IVIECHANICS. 

Papers reprinted from the Engineer. In Crown 8vo, is. 
Demy 8vo, with Numerous Illustrations, 9s. 

FUEL AND WATER: 

A Manual for Users of Steam and Water. 

By Prof. FRANZ SCHWACKHOFER of Vienna, and 
WALTER R. BROWNE, M.A., CE. 

Gbnkkal Contbnts.— Heat and Combustion— Fuel, Varieties of— flrinf^ Arrangements: 
Furnace, Flu«^ ChimDey— TKe Boiler, Oioice of— Varieties— Feed-water beaters- 
Steam Pipes— Water : Composition, Purification— 



« 



Prevention of Scale, &c, &c. 
The Section on Heat iM one of the bett and most ludd ever written.**— J^iyiMMr. 
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CRIFFIM'8 LOCAL COYERMMEMT HAMPB00K8. 

W0EK8 SUITABLE FOE MUNICIPAL AND COUNTY SNQINSBES, 

ANALYSTS, AND OTHEES. 

See also Davies' Hygieney p. 09, and MacLeod's Calc%aiation»t p. 110. 

<JaS Manufacture (The Chemistry of)- ^ Handbook on the Pro- 
duction, Purification, and Testing of Illuminating Oas, and the Assay of Bye-Pro- 
ducts. By W. J. A. BUTTERFIELD, M.A., F.I.C., F.C.S. With Illustrations. Foueth 
Sditiom, Eevised. Vol. I., 7s. 6d. net. Vol. II., in preparation, [See page 77. 

Water Supply : A Practical Treatise on the Selection of Sources and the 
Distribution of Water. By Eeqinald E. Middlbtom, M.Inst.C.E., M.Inst.Mech.E., 
F.S.I. With Numerous Plates and Diagrams. Crown 8vo. 8s.6d.net. [See page 77. 

Central Electrical Stations : Their Design, Organisation, and Manage- 
ment. ByC. n. Wordinoham,A.E.C.,MI.C.E. SbcondEuition. 24s.net. [See p. 48. 

Electricity Control. By Leonard Andrews, A. M.Inst.C. E. , M.I. E. E. 

12s. 6(1. net. [See page 48. 

Electricity Meters. By Henry G. Solomon, A.M. Inst. E.E. IBs. 

[See page 40. 

Trades* Waste : Its Treatment and Utilisation, with Special Reference 
to the Prevention of Elvers' Pollution. By W. Natlor, F.C.S., A.M.Inst.C.B. 
With Numerous Plates, Diagrams, and Illustrations. 21s. net. [See page 76. 

Calcareous Cements: Their Nature, Preparation, and Uses. With 
some Eemarks upon Cement Testing. By Giluert Eedqrave, AssocInst.C.S., 
and Chas. Spackman, F.C.S. With Illustrations, Analytical Data, and Appendices 
on Costs, Ac, 15s. net. [See page 76. 

Road Making and Maintenance : A Practical Treatise for Ensdneers, 
Surveyors, aim others. With an Historical Sketch of Ancient and Modem Practice. 
By Thomas Aitken, Assoc. M. Inst. C.E., M. Assoc. Municipal and County Engrs.; 
M. San. Inst. Second Edition, Revised. Fully Illustrated. [See page 79 

Light Railways at Home and Abroad. By William Henry Colk, 

M.Inst.C.E., late Deputy Manager, North- Western Railway, India. Large 8to, 
Handsome Cloth, Plates and illustrations. 16s. [See page 80. 

Practical Sanitation : A Handbook for Sanitary Inspectors and others 
interested in SaniUtion. By Geo. Ekid, M.D., D.P.H., Medical OfBcer, Staffordshire 
County Council. With Appendix on Sanitary Law, by Herbert Mauley, M.A., M. B., 
D.P.H. Thirteenth Edition, ilioroughly Eevised. 66. [See page 78. 

Sanitary Engineering: A Practical Manual of Town Drainage and 

Sewage and Eefuse Disposal. By Francis Wood, A. M.Inst.C.E., F.O.S. Second 
Edition, Eevised. Fully Illustrated. 8s. 6d. net. [See page 78. 

Dairy Chemistry : A Practical Handbook for Dairy Managers, Chemists, 
and Analysts. By H. Droop Eichmond, F.I.C, Chemist to the Aylesbury Dairy 
Company. With Tables, Illustrations, &c. Handsome Cloth, 16s. [See page 78. 

Dairy Analysis : The Laboratory Book of. By H. Droop Richmond, 
F.I.C. Fully Illustrated, Cloth. 28. 6d. net. [See page 78. 

Milk: Its Production and Uses. With Chapters on Dairy Fanning, 
The Diseases of Cattle, and on the Hygiene and Control of Supplies. By Edward F. 
WiLLOUQHBT, M.D. (Lond.), D.P.H. (Loud, and Camb.), Inspector of Farms and 
General Scientific Adviser to Welford & Sons, Ltd. 66. net. [See page 78. 

Flesh Foods : With Methods for their Chemical, Microscopical, and 
Bacteriological Examination. A Handbook for Medical Men, Inspectors, Analjrsta, 
and others. By C. Ainsworth Mitchell, B.A., F.I.C., Mem. Council Soc. of Public 
Analysts. With numerous Illustrations and a coloured Plate. lOs. 6d. [See page 74. 

Foods: Their Composition and Analysis. By A. Wtntxb Bltth, 
M.E.C.S., F.C.S., Public Analyst for the County of DeTon, and M. W Bltth, 
B.A., B.Sc. With Tables, Folding Plate, and Frontispiece. Fdth EDmOH, 
Thoroughly Eevised. 21s. [See page 72. 

" An admirabli dioest of the most recent state of knowledge.' —Chemical Aeiot. 
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ELECTRICAL ENGINEERING. 

Second Edition, Reinsed, In Large %vo. Handsome Cloth, Profusely 
Illustrated wUh FUUes^ Diagrams^ and Figures, 2^, net, 

CENTRAL ELECTRICAL STATIONS: 

Their Desigrn* Organisation, and Hanagrement. 

By CHAS. H. WORDINGHAM, A.K.C, M.Inst.C.E., M.Inst.Mkch.E., 

Late Memb. of Council Inst£.E., and EUectricai Engineer to the City of Manchester : 

Electrical Engineer-in-Chief to the Admiralty. 

ABRIDGED CONTENTS. 

Introductory. — Central Station Work as a Profession. — Ab an Investment. — ^The Estab^ 
lishment of a Central Station — Systems of Supply. — Site. — Architecture. — Plant. — Boilers — 
Systems of Draught and Waste Heat Economy. — Coal Handling, Weighing, and Storing.- 
Tne Transmission of Steam. — Generators. — Condensing Afjpliances. — Switching Gear, 
Instruments, and Connections. — Distributing Mains. — Insulation, Resistance, and Cost. — 
Distributing Networks. — Service Mains and Feeders. — Testing Mains. — Meters and 
Appliances. — Standardising and Testing Laboratory. — Secondary Batteries. — Street Light- 
ing. — Cost — General Organisation — Mains Depautment. — In.stallation Department — 
Standardising Department — Drawing Office. — Clerical Department — The Consumer. — 
Routine and Main Laying. — Index. 

" One of the most valuablk comtributions to Central Station literature we have had 
for some time."— EUctrtcity. 



In Large 8vo. Handsome Cloth. Profusely Illustrated. I2s. 6d. net. 

ELECTRICITY CONTROL. 

A Treatise on Eleetrie Switchgear and Systems of Electric Transmission. 

By LEONARD ANDREWS, 

Associate Member of the Institution of Civil Engineers, Member of the Institution of 

Electrical Engineers, &c' 

General Principles of Switchgear Design.— Constructional Details.— Circuit Breakers or 
Arc Interrupting Devices. — Automatically Operated Circuit- Breakers. — Alternating Reverse 
Current Devices. — Arrangement of 'Bus Bars, and Apparatus for Parallel Running.— 
General Arrangement of Controlling Apparatus for High Tension Systems. — General 
Arrangement of ControUmg Apparatus for Low Tension Systems. — Examples of Complete 
Installations. — Long Distance Transmission Schemes. 

" Not often does the specialist have presented to him so satisfactory a book as this. . . . 
We recommend it without hesitation to Central Station Engineers, and, in fact, to anyone 
interested in the subject." — Ptnuer. 



Eighteenth Edition. Leather, Pocket Size. 8s. 6d. 

A POCKET-BOOK 

OF 

ELECTRICAL RULES & TABLES 

FOR THB USE OF ELECTRICIANS AND ENGINEERS. 

By JOHN MUNRO, C.E., & Prof. JAMIESON, M.Inst.C.E., F.R.S.B. 

aSNERAL OONTENTS. 

Units of Measurement. — Measures. — Testing. — Conductors. — Dielectrics. — Submarine 
Cables.— Telegraphy.— Electro-chemistry.— Electro-Metollurgy.— Batteries.— Dynamos and 
Motors. — Transformers. — Electric Lighting. — Miscellaneous. — Logarithms. — Appendices. 

** Wonderfully Pbsfbct. . . . Worthy of the highest commendation we can 
giTO \t.^—El4ctrician. 

LONDON : CHARLES GRIFFIN ft CO., LIMITED, EXETER STREET. STRAND: 



BLECTRIOAL ENOINEERINQ. 49 

In Large 8vo. Profusely Illastrated. 88. 6d. net. 

WIRELESS TELEGRAPHY. 

By GUSTAVE EICHHORN, Ph.D. 

Contents. — Oscillations. — Closed Oscillation Systems. — Open Oscillation 
Systems. — Conpled Systems. — The Coupling Compensating the Aerial Wire. — 
Toe Receiver. — Comparative Measurement m the bender. — Theoretical Results 
and Calculations in respect of Sender and Receiver. — Closely- Coupled Sender 
and Receiver. — Loose-Coupled Sender and Receiver. — Principal FormulaB.— 
The Ondameter. — Working a Wireless Telep^ph Station. — Modem Apparatus 
and Methods of Working.— Conclusion. — Bibliography. — Index. 

"Well written . . . and comblneB with a good deal of description a careful 
Investigation of the fundamental theoretical phenoineua."~jrafur«. 



Large Svo, Handsome Cloth, with 3.34 Pages and 307 Illustrations. 

16s. net. 

ELECTRICITY METERS. 

By henry G. SOLOMON, A.M.In8t.E.E. 

Contents. — Introductory. — General Principles of Continuous - Current 
Meters. — Continuous-Current Quantity Meters.— Continuous-Energj Motor 
Meters. — Different Types. — Special Purposes, i.«., Battery Meters, Switchboard 
Meters, Tramcar Meters. — General Principles of Single- and Polyphase Induc- 
tion Meters.— Single -phase Induction Meters. — Polyphase M!eters. — Tariff 
Svstems. — Prepayment Meters. — Tariff and Hour Meters.— Some Mechanical 
Features in Meter Design. — Testing Meters. — Index. 

*' An OAmest and snccessfal attempt to deal comprshonRlyely with modem methods of 
measuring current or power in electrical \n%ioMA\Xon%"— Engineering. 

'* TruHtworthj information. . . . We can oonfldently recommend the boolc to every 
electrical engineer." -.i;/ec<rici<y. 



Second Edition, Cloth, 8s. 6d. Leather, for the Pocket, Ss. 6d. 

GBIFFIN'S ELEOTBIOAL PBIOE-BOOK : For Electrical, Civil, 
Marine, and Borough Engineers, Local Authorities, Architects, Railway 
Contractors, &c., &c. Edited by H. J. Dowsing. 

" The Elxctkical Pbicb-Book rbmovbs all mystbry about the cost of Electrical 
Power. By its aid the bxpbnsb that will be entailed by utilising electricity on a large or 
small scale can be discovered." — Arckittct. 



ELECTRIC SMELTING AND REFINING. By Dr. W. Bobchebs 
and W. G. McMillan. Second Editton, Revised and Enlarged. 
2 Is. net. [See page 67. 

ELECTRO - METALLURGY, A Treatise on. By Walter G. 
McMillan, F.I.C, F.C.S. Second Edition, Revised and in 
Part Re- Written. 10s. 6d. [See page 67. 

ELECTRICAL PRACTICE IN COLUERIES. By D. Burns, M.E., 
M.Inst.M.E. Second Edition, Revised and greatly Enlarged. 
78. 6d. net. [See page 58. 
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5© OHARLSa ORIFFIN A CO.'S PUBLICATIONS. 

By PROFESSORS J. H. POYNTINQ A J. J. THOMSON. 

In Five Volumes. Large 8to. Sold Separately. 

A TEXT-BOOK OF PHYSICS. 

J. H. POYNTING, J. J. THOMSON, 

•CD., F.ft.8.1 AND M.A., F.ft.S., 

I JMlow Of Trtnitf Ck>Ueffe, Cambridge; Fellow of Trinity GoUese, Oftmbridse; ProL 

Profenor of Physics, Buviinghain of Bzperimentol Physics in the UnWantty 

Unlvenity. of Cambridire. 



lNTRODUC?roRY VOLUME. Thibd EDITION, Revised. Fully Illustrated. 

10s. 6d. 



OoKTBKTS. — Qravitation. — The Acceleration of Qravity. — Elasticity.— Stresses and 
Strains.— Torsion.— Bending of Hods.— Spiral Springs — ColliBion.— Compressibility of 
Liqnida— Pressures and volumes of Gases. ^Thermal Effects Accompanying Strsin.— 
OaDillarity.— Surface Tension.— Laplace's Theory of Capillarity.— IMtfusion of Liquids — 
DiffoBlon of Gases.— Viscosity of Liquids.— Indkx. 

*• Students of physics cannot fail to derive benefit from the hook."— KnowJedge. 
"We regard this book as auite indispensable not merely to teachers but to physicists of every 
grade above the lowest.'— I'nivfrsUy Correspondent. 



Volume II. Fourth Edition. Fully Illustrated. Price 8s. 6d 

S O XJ M^ I>. 

OowTKNTB.— The Nature of Sound and its chief Characteristics.- The Velocity of Sound 
In Air and other Media.- Reflection and Refraction of Sound.— Frequencv and Pitch of 
Notes.— Resonance and Forced Oscillations. —Analysis of Vibrations.- The TransTerse 
Vibrations of Stretched Strings or Wires -Pipes and other Air Cavities.— Bods.— Platea. 
—Membranes.— Vibrations maintained by Heat.— Sensitive Flames and Jets.- Mnaical 
Band.— The Superposition of Waves.— Indkx. 

** The work . . . may be recommended to anyone desirous of poraessing an bast 
UP-TO-DATK Stakdard Trbatisk ou Acousttcs." — Literature. 

** Very clearly written. . . . The names of the authors are a guarantee of the 
soxBinnrio accuract and up-to datk charaotkb of the woTk."^Educali<m<il Times. 



Volume III. Second Edition, Revised. Fully Illustrated. Price 16s. 

Contents. — Temperature. — Expansion of Solids. — Liquids. — Gases. — Circulation 
and Convection.— Quantity of Heat; Specific Heat.— Conductivity. — Forms of Energy; 
Conservation ; Mechanical Equivalent of Heat.— The Kinetic Theory —Change of State ; 
Liquid Vapour. — Critical Points. — Solids and Liquids. — Atmospheric Conditions.- 
Radiation. — Theory of Exchanges.— Radiation and Temperature. — Thermodynamics. — 
Isothermal and Adiabatic Changes.— Thermodynamics of Changes of State, and Sola* 
tions.— Thermodynamics of Radiation.- INDEX. 

" Well up-to-date, and extremely clear and exact throughout. ... As clear as 
it would be possible to make such a text-book." — Nature. 

Remainiug Volumes Id Preparation — 
LIGHT; MAGNETISM AND ELBCTBICITY. 



THE MEAN DENSITY OF THE EARTH : An Essay to which the 

Adams Prize was adjudged in 1893 in the University of Cambridge. By J. H. 
POYNTING, Sc.D.. F.R.8.. Late Fellow of Trinity College. Cambridge; Professor of 
Physics, Birmingham University. In Large 8vo, with Bibliography, XUiutrations in 
the Text, and Seven Lithc^raphed Plates. 12s. 6d. 
"Cannot fail to be of great and general lJiiKRESl."—Athenaum. 
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Griffln's Geologloai, Prospeoting, Mining, and 

Metaiiurgioai Pubiioations. 

PAOB 

Oeology, Stratigraphieal, R. Ethbridob, F.B.S., . 52 

„ Physieal, Prof. H. G. Seelbt, . 52 

„ Practieal Aids, Prof. Grenville Oole, 53 

„ Open Air studies, . „ „ 8& 

Mining Geology, . James Park, F.G.S., . 55^ 

Prospectinfi^ for Minerals, S. Herbert Cox, A.E.S.M., . 55 

Food Supply, . RoBT. Bruce, ... 54 

New Lands, . H. H. Mill, D.Sc., F.H.S.E., 54 

Ore and Stone Mining, . Sir 0. Lb Neve Foster, 56 

Elements of Mining, . » >> 56 

Ck>al Mining, . H. W. Hughes, F.G.S., 56 

Practical Coal Mining,. G. L. Kerr, M.lnst.M.E., . 58 
Elementary „ „ „ .58 

Electrical Coal Mining, D. Burns, .... 58 

Mine-Surveying, Bennett H. Brouoh, A.RS.M., 57 

Mine Air, Investigation of, Foster and Haldanb, 57 

Mining Law, C. J. Alford, ... 57 

Blasting and Explosives, O. Guttmann, A.M.I.C.E., . 58 

Testing Explosives, . Bichel and Larsen, . . 58 

Mine Accounts, . Prof. J. G. Lawn, . 57 

Minhig Engineers' Pkt.-Bk«, E. K. Field, M.I]ist.M.M., . 57 

Petrofoum, .... Sir Boverton Redwood, . 61 

A Handbook on Petroleum, Thomson and Redwood, 61 

Oil Fuel, .... Sidney H. North, . . 2^ 

Metallurgfical Analysis, . Macleod and Walker, 60 

Microscopic Analysis, F. Osmond & J. E. Stead,F.R.S., 60 

Metallurgy (General), Phillips and Baubrman, 60 

„ (Elementary), Prof. Humboldt Sexton, 66 

Getting Gold, . J. 0. F. Johnson, F.G.S., . 59 

Gold Seeking in South Africa, Theo Kassner, ... 59 

Cyanide Process, . James Park, F.G.S., . 59 

Cyaniding, Julian and Smart, 59 

Electric Smelting, . Borohers and McMillan, . 67 
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Fifth Edition, Revised, Considerably Enlarged, and in part Re-written. 
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recommended."- lf»nin{|r Journal. 
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THE METALLURGY OF STEEL. 

By F. W. HARBORD, Assoc.RS.M., F.I.C., 

OonnUting MetcUlurgiat and Analyticai Chemist to the Indian OovemmefU^ 
Royal Indian Engineering College^ Ooopert Hill. 

With 37 Plates, 280 Illastrations in the Text, and nearly [100 Micro- 
Sections of Steel, and a SecUon on 

THB MECHANICAL TREATMENT OP STEEL, 

By J. W. HALL, A.M.Inst.C.E. 
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The Art of the Goldsmith and Jeweller 

A Manual on the Manipulation of Gold and the Manu- 
facture of Personal Ornaments. 

By THOS. B. WIGLEY, 

Headmaster of the Jewellers and Silversmiths' Assoc. Tech. School, Birmingham. 

Assisted by J. H. STANSBIE, B.Sc. (Lond.), F.I.O., 

Lecturer at the Birmingham Municipal Technical SchooL 

General Contents.— Introduction.— The Ancient Goldsmith's Art.— Metallurgy ot 
Gold.— Prices, Ac— Alloys.— Melting, Rolling, and Slitting Gold— The workshop and 
Tools. — Wire Drawing. — Rings. — Chains and Insignia. — Antique Jewellery and ita 
Revival.— Etruscan Work.— PRECIOUS STONBS.—Cutting. — Polishing and Finishing.— 
Chasing, Embossing, and Rei>ou88^ Work.— Colouring and Finishing. — Enamelling. — 
Engraving.— MouldUng and Casting Ornaments, <fcc.— Fluxes. Ac. — Recovery of the 
Precious Metals. — Refining and Assaying. — Gilding and Electro Deposition.— Hall> 
Marking.— Miscellaneous.— Appendix. 
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Third Edition, Revised, Enlarged, and Re-issued. Price 6s. net. 

A SHORT MANUAL OF 

INORGANIC CHEMISTRY. 

BY 

A. DUPRE, Ph.D., F.R.S., 

AND 

WILSON HAKE, Ph D., F.I.O., F.C.S., 

Of the Westminster Hospital Medical School 

'* A well-written, clear and accurate Elementary Manual of Inorganic Chemistry. . . . 
We agree heartily with the system adopted by Drs. Dupr^ and Hake. Will makb Expbk)- 
MENTAL Work tuebly intbkbsting bbcausb VHTKLLicAhLMS'Saiurday Rtxritw. 

"There is no question that, given the pbrpbct cbounding of the Student in his Soence» 
the remamder comes afterwards to him in a manner much more simple and easily acquired 
The woric is am bxamplb op thb advantacbs op thb Svstbmatic Trbatmbiit of a 
Sdenoe over the fragmentaiy style so generally followed. By a long way thb bbst of dM 
tmall Manuals for Students. — Anaiftt, 



LABORATORY HANDBOOKS BT A. HUMBOLDT SEXTON, 

Professor of Metallurgy in the Glasgow and West of Scotland Teohnioal Oollege 



OUTLINES OF QUANTITATIVE ANALYSIS. 

FOR TUB USB OF STUDBNTS. 

With Xlluitrationa. Fourth Edition. Ctowd 8vo, Cloth, 3a. 

" A OOMFACT LABORATORY ouiDB for beginnoR was wanted, and the want has 
been wkll sufpljrd. ... A good and nsefol book.*' — Lancet, 



OUTLINES OF QUALITATIVE ANALYSIS. 

FOR THB USB OF STUDBNTS. 

With Illustrations. Fourth Edition, Revised. Crown Syo, Cloth, 8a. 6d. 

'* The work of a thoronghly practical chemist"— Srttif^ Medical JournaL 
" Compiled with great care, and will supply a want.** — Journal of EducaiUm. 



ELEMENTARY METALLURGY: 

Including the Author's Practical Laboratory Course. With numy 

Illustrations. [See p. 66. 

Foubth Edition, Rerised. Crown 8vo. Cloth. 68. 

** Just the kind of work for students commencing the study of metaUu^."— 
Practical Engineer. 
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0HEM18TRT AND TKOHNOLOQT. ^i 

"TIm Mithon hara suooiioio befond all expeoUtiona, and have prodnoed a work which 
ihoald give f uu fowbb to the Engineer and Manofaetarer."— Tk< TimtM. 

In Two Vols., Large 8vo. With lUoBtratioiui, Sold Separately. 

CHEMISTRY FOR ENGINEERS 
AND MANUFACTURERS. 

A PRACTICAL TEXT-BOOK. 

BY 

BERTRAM BLOUNT, F.I.C., k A. G. BLOXAM, F.I.O. 

CHEMISTRY OF ENGINEERING, BUILDING, AND 

METALLURGY. 

Otneral Contents.— JXTTRODVCTlOff—ChemlBtty of the Chief Materlali 
of Constmctlon— Sources of Energy— Chemistry of Steam-raising— Chemis- 
try of Lubrication and Lubricants^Metallax^cal Processes used in the 
Winning and Manufacture of Metals. 



Second £dition, Thoroughly Revised. Illustrated. 16s. 

THE CHEMISTRY OF MANUFACTURING 

PROCESSES. 

General Contend— Sulphuric Add Manufacture— Alkali, *c.— Destruotiye 
Distillation —Artificial Manure— Petroleum— Ume and Cement^Olay and 
Glass — Sugar and Starch — Brewing and Distilling— Oils, Besins, and 
Varnishes— Soap and Candles — Textiles and Bleaching — Colouring 
Matters, Dyeing, and Printing — Paper and Pasteboard — Pigments and 
Paints — Leather, Glue, and Sise — Ezplosivei and Matches — Minor 
Manufactures. 

"Certainly a oood and csktul book, conatitattng a feaotioal ouidb for itndenta by 
affording a ciaar conception of the nomerons procesaes aa a whole.'*— Chtmieal Tradi 
JamnuU. 

Second Edition. In Large 8vo. Handsome Cloth. With 800 pages 

and 154 Illustrations. 25s. net. 

OILS, FATS, BUTTERS, AND WAXES : 

THEm PREPARATION AND PROPERTIES, AND MANUFACTURE THERE- 
FROM OF CANDLES, SOAPS, AND OTHER PRODUCTS. 

By C. R. alder WRIGHT, D.Sc, F.R.S., 

Late Lecturer on Chentistry, St. Mary's Hospital Medical School ; Eyaminer 
in " Soj^)" to tlM Qty and Guilds of London Institute. 

Thoroughly Revised, Enlarged, and in Part Rewritten 

By C. AINSWORTH MITCHELL, B.A., F.I.C., F.C.S. 

"Will be found absolutbly inoispbnsablb."— 7*^^im//i/. 
"Will rank as the Standako Encush Authobity on Oils and Fats for many 
years to come."— Indtutrus tmdlroH. 

LONDON : CHARLES GRIFFIN i C0„ LIMITED, EXETER STREET, STRAND. 

4 



72 OHARLMB GRIFFIN S OO.'S PUBLICATIONS. 

FnTH Edition, Thorongl^ Revised, Greatly Enlmrged and Re-written. 
With additioniS Tablet, Plates, and lUnatraUonB. 21s. 

POODS! 

THEIR COMPOSITION AND ANALYSIS. 

By a. WYNTER BLYTH, M.RC.S., F.IO., F.O.S., 

Barrister-at-Law, Pablio Analyst for the Ooontv of Devon, and 
Medical Officer of Health for St Marylebone. 

And M. WYNTER BLYTH, B.A., B.So., F.C.S. 

GsNKRAL Contents. — History of Adulteration. — Legislation. — Ap- 
paratns. — " Ash." — Sngar. — Confectionery. — Honey. — Treacle. — Jams 
and Preserved Fruits. — Starches. — Wheaten-Flour. — Bread. — Oats. — 
Barley. — Rve. — Rice. — Maize. — Millet. — Potatoes. — Peas. — Lentils. — 
Beans. — Milk. — Cream. — Butter. — Oleo-Marffsrine. — Cheese. — Lard. — 
Tea. — Coffoe. — Cocoa and Chocolate. — AlCohol. — Brandy. — Rum. — 
Whisky. — Gin. — Arrack. — Liqueurs. — Absinthe. — Yeast. — Beer. — Wine. 
— Vinesar. — Lemon and Lime Juice. — Mustard. — Pepper. — Sweet and 

Bitter iamonds.~Annatto.~Olive Oil.— Water Analysts.— Appendix : 

Adulteration Acts, kc. 

*' Simply orDXSPBNaABLB in the Analyst's laboratory.**— rAf Lancet. 
** A new edition of Mr. Wynter Blvth's Standard work, bxtsichsd with all thx xbobyt 
DiBOOTnxxs AHD mpROvxHSMTa, Will M acocpted as a boon."— CAaniea/ New. 



FouBTH Edition, Thoroughly Revised. In Large Svo, Cloth, with 

Tables and Illustrations. 

POISONS; 

THEIR EFFECTS AND DETECTION. 

By a. WYNTER BLYTH, M.R.C.S., F.I.C., F.O.S., 

Barrister-at-Law, Pablio Analyst for the County of Devon, and 
Medical Officer of Health for St Marylebone. 

GENERAL CONTENTS. 

I. — Historical Introduction. II. — Classification — Statistics — Connection 
between Toxic Action and Chemical Composition — Life Tests — General 
Method of Procedure— The Spectroscope — Examination of Blood and Blood 
Stains. IIL — Poisonous Gases. IV. — Acids and Alkalies. V. — More 
or less Volatile Poisonous Substances. VI. — Alkaloids and Poisonous 
Vegetable Principles. VII. — Poisons derived from Living or Dead Animal 
Substances. VIII. — The Oxalic Acid Group. IX. — Inorganic Poisons. 
Appendix : Treatment, by Antidotes or otherwise, of Cases of Poisoning. 

"Undoubtedly tbi most complbu woax on Tozloolosy in oar langnsire."— 21U AntU/m fem 
tk$ TMrd KdMon). ^—^ 

'* As a raacTicAL ovidi, we know vo birbe work."— 2'A« Lameet (on (k< Third EdUtcn). 

^ %*M_^!" Thied BninoR, Enlarged and partly Be-written, Niw Akalttioal HsniOM have 
«eea introdoeed, and the Oaoatbeic Alkaloids, or Ptomaivm. bodies playing so grasl a part la 
Food-poisoning and in the Manifestations of Disease, have rsoeived spedal attention. 

lONDON : CHARLES SRIFFIN « CO.. LIMITED, EXETER STREET. STRAND. 



0HBMI8TRT AND TM0HN0L0Q7. 73 

With Numerous Tables, and 22 Illustrations. i6s. 

DAIRY CHEMISTRY 

FOR DAIBY MANAGERS, CHEMISTS, AND ANALYSTS 
A Practical Handbook for Dairy Chemists and others 

having Control of Dairies. 

By H. droop RICHMOND, F.LC, 

CHEMIST TO THB AYLBSBURY DAIRY CX)MPANY. 

CMtenis.^l, Introductory.— The Constituents of Milk. II. The Analjrsis of 

Milk ill. Normal Milk : its Adulterations and Alterations, and their Detection. 

IV The Chemical Control of the Dairy. V, Biological and Sanitary Matters. 

VI. Butter. VII. Other Milk Products. VIII. The Milk of Mammals other 

than the Cow. — Appendices. — ^Tables. — Index. 

"... In our opinion the book is the bbst contribution dm thb subjbct that 
HAS YRT APPSARSD in the English lang:uage."— Z«i>cf/. 



Fully Illustrated. With Photographs of Various Breeds of Cattle, &c. 

68. net, 

MILK: ITS PRODUCTION & USES. 

With Chapters on Dainf Farming, The Diseases of Cattle, and on the 

Hygiene and Control of Supplies. 

By EDWARD F. WILLOUGHBY, 

M.D. (Lond.), D.P.H. (Lond. and Camb.), 
Late Inipector of Karma and General Scientific Adviser to Welford and Sons, Ltd. 

"A eood investment to those in the least interested in dairying. Excellently bound ; 
printM on good paper, and well illustrated, running to 259 pages, the purchaser gets at 
the price ofa novel a work which will stand good as n work of reference for soine years 
to come.*'— Agricttlt. Gazette. 

We cordifuly recommend it to everyone who has anjlhing at all to do with milk."— 
Dairy World. 

In Crown 8vo, Fully Illustrated. 2s. 6d. net, 
THE LABOKATOBY BOOK OF 

DAIRY ANALYSIS. 

By H. droop RICHMOND, F.LC, 

Analyst to the Aylesbury Dairy Co., Ltd. 
Contents. — Composition of Milk and its Products. — Analysis ot Milk, — 
Analysis of Liquid Products. — Application of Analysis to the Solution of 
Problems. — The Analysis of Butter. — Analysis of Cheese. — Tables for Calcu- 
lation. — Standard Solutions. — Index. 

" Without doubt the best contribution to the literature of its subject that has ever been 
written." — Mcdiral Times. 

In Large 8vo. Handsome Cloth. 

AGRICULTURAL CHEMISTRY AND ANALYSIS : 

A PRACTICAL HANDBOOK FOR THE USE OF AGRICULTURAL STUDENTS. 
By J. M. H. MUNItO, D.Sc, F.LC, F.C.S., 

ProfsBBor of Ohemistry, Downton College of Agricoltare. 
[In Pr^Mration , 
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Crown 8vo, Handsome Cloth. Fully Illustrated. los. 6d. 

FLESH FOODS: 

With Methods for their Chemical, Microscopical, and Bacterio- 
logical Examination. 

A Praotioal Handbook for Medical Men, Anaiysta, Inspectors and others. 
By C. AINSWORTH MITCHELL, B.A., F.LC, F.C.S., 

Member of G)uncil, Society of Public Anal3r8ts. 

With Numerous Tables, Illustrations, and a Coloured Plate, 

Contents. — Structure and Chemical Composition of Muscular Fibre. — of 
Connective Tissue, and Blood. — The Flesh of Different Animals. — The Examina- 
tion of Flesh. — Methods of Examining Animal Fat.-7-The Preservation of Flesh. 
— Composition and Analysis of Sausages. — Proteids of Flesh. — Meat Extracts and 
Flesh Peptones. — The Cooking of Flesh.— Poisonous Flesh. — The Animal Para- 
sites of Flesh. — The Bacteriological Examination of Flesh. — ^The Extraction and 
Separation of Ptomaines. — Index. 

" A compllaUoii which will be most useful for the class for whom it is intended."— A iMtnaum. 
"A book which NO ONE whose duties involre considerations of food supply CAN AFFORD TO BB 
wrTHOUT.' —Municifal Journal. 



In Large 8vo. Handsome Cloth. With numerous Illnstrations. 
Each Volume Complete in Itself, and Sold Separately. 

TECHNICAL MYCOLOGY: 

The Utilisation of Micro-organisms in the Arts and Manufactures. 

By Dr. FRANZ LAFAR, 

Prof, of Fermentation-PhTsiology and Bacteriology in the Technical High School, Vienna. 

With an Introduction by Dr. EMIL CHR. HANSEN, Principal of the Carlaberg 

Laboratory, Copenhagen. 

Translated by CHARLES T. C. SALTER. 

Vol I.-SCHIZOMYCBTIC FERMENTATION. 158. 
VoL IL, Part I.-EUMYCBTIC FERMENTATION. 78. 6d. 

"The flint work of the kind which can lay claim to completeneis in the treatment of 
a faaoinating subject. The plan is admirable, the dasaiflcatiou simple, the style is good, 
and the tendency of the whole Tolome is to convey sare information to the reader.**— 
Ltuncel. 



Crown 8vo, Handsome Cloth. With Diagrams. 7s. 6d. net. 
[Companion Volume to ''FERMENTS," by the same Author.] 

TOXINES AND ANTITOXINES. 

By carl OPPENHEIMER, Ph.D., M.D., 

Of the Physiological Institute at Erlangen. 
Translated from the German by 

C. AINSWORTH MITCHELL, B.A., F.I.C, F.C.S. 

With Notes, and Additions by the Author, since the publication of the German Edition. 

" For wealth of detail, we have no small work on Toxines which equals the one 
under review." — Medical Times. 
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In Crown 8vo, Handsome Cloth. Price 7b. 6d. net. 

F E R M E N T S 

A M^ I> T la El I It ACTIOM^B. 

A Text-book on the Chemistry and Phyaica of Fermentative Changes, 

By carl OPPENHEIMER, Ph.D., M.D., 

or the Phyiiological Institute at Erlangen. 

Trai^slated fbom thk Gekhan bt 

C. AINSWORTH MITCHELL, B.A., F.LC, F.C.S. 

Abridged Contents.— Introduction.— Definition.— Chemical Nature of Ferments.— 
Influence of External Factors.— Mode of Action.— Physiological Action.— Secretion.— 
Importance of Ferments to Vital Action. —Proteolytic Ferments. -Trypsin.— Bacteriolytic 
ana Hsemolytic Ferments.— Vegetable Ferments.— Coagulating Ferments.^Saccharifying 
Ferments. — Diastases. — Polysaccharides. — Enzymes. — Ferments which decompose 
Olucosides.- Hydrolytic Ferments.— Lactic Acid Fermentation.— Alcoholic Fermenta- 
tion.— Biology of Alcoholic Fermentation.— Oxydases.— Oxidising Fermentation. — Bibli- 
ography.— Index. 

'* Such a veritable multum in parte has never yet appeared. The author has set himeelf 
the task of writing a work on Ferments that shonla embrace human erudition on the 
subject "— 5r«twr«' Journal. 

Third Edition. In Handsome Cloth. Fully Illustrated. 

PRINCIPLES AND PRACTICE OF BREWING. 

FOR THE USE OF STUDENTS AND PRACTICAL MEN. 

By WA.LTER J. SYKES. 
Revised by ARTHUR R. LING, F.LC, F.C.S., 

£<litor of the Journal of the Institute of Brewing. 



In Crown 8vo. Handsome Cloth. 
A PRACTICAL LABORATORY HANDBOOK ON 

THE BACTERIOLOGY OF BREWING. 

By WALTER A. RILEY, F.O.S. 

Abridobd Contents. — Laboratory Handbook and Apparatus. — Sterilisation. — 
Nutritive Liquids. — Microscope, Reagents, Ac. — Methods of Analysis. — Practical 
Methods, including the use of " Brettanomyces/' Cider and Wine Fermentations- 
Determining Races of Yeasts, ^.—Practical Notes on Yeast. 



In AonvB Prbparation. In Crown Svo. Handsome Cloth. Fully lUustrared. 

PEAT: Its Use and Manufacture. 

By PHILIP R. BJORLING, Consulting HydrauUc Engineer, 

And FREDERIC T. GISSING. 

Abkidobd CoxTBiTTs.— Introduction.— The Formation of Peat.— Area and Depth of Bogs in 
Prinsipal Countries.— Manufacture of Peat Fuel, &c.— Out Peat, Dredged Peat, and Manufactured 
Peat— Machinery employed in the Manufacture of Peat Fuel.— Peat Moss Litter, and the MachUierr 
employed in its Manufacture.— Peat Charcoal and its Manufocture — Cost of making Peat Fuel and 
Cbarooal.— Other Productions derived from Peat, such as Tar, Manure, Candles, Dyes, Paper, A«. 
— BiBUooaaPHT.— InnajL 

In Crown Syo. Handsome Cloth. With 30 Illustrations. 6b. net. 

THE CLAYWORKER'S HANDBOOK. 

An Epitome of the Materials and Methods employed in Brichmaking and Pottery, 

By thb Author op " THE CHEMISTRY OF CLAY WORKING," «&C. 

Gbkeral Cohtbhts.— Materials used in Clayworkinff : Clays. Engobes, GlasM. Colonrsi 
Water, FneLOlIs, and Lubricants.— The Preparation of the Clay, Mining and Quarrying. 
Weathering, Washing, Grinding. Tempering, ana Purging.— Machinery : Boilers, Engines, General 
Machinery, Sieves, Mbdng Macbinery. Presses, die.— Dryers and Drying.— Engpblng aad Glasing. 



•-Setting or Charging. Transport.— Rilns.— Firing.— Discharging. Sorting, an^ Packing.— Defecu 
and Waste.— Testa, Analysis and Control.—] 



-BIBLIO iaAPHT.— TaBLSS.— IXOBX. 
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Sbcomd Edition, Revised and Enlarged. 
With TablM, mnstrmtions in the Text, and 37 Ltthogmphic PUtet. Mediuni' 

8yo. Handsome Cloth. 308. 

SEWAGE DISPOSAL WORKS: 

A Guide to the Constmetlon of Works for the Prevention of the- 
PoUution by Sewage of Rivers and Estuaries. 

By W. SANTO CRIMP, M.Inst.C.K, F.G.S., 

Late Aaustant-Sngiiieer, London County CoundL 

"PralMibly thft most compubtb and usst trbatisb on the subject wludi has appeared 
in our language. *—iMS&i3t<»y4 Midkaljommal, 



Beautifully Illu9trcUed, vnth Numerous Plates^ Diagranu, and 

Figures in the Text. 21s. net. 

TRADES' WASTE: 

ITS TBEATMENT AND UTILISATION. 
A Handbook for Borough Engineers, Surveyors, Architects, and Analysts. 

By W. NAYLOR, F.O.S., A.M.Inst.C.E., 

Chief Inspector of Riven, Ribble Joint Committee. 

Contents.— I. Introduction.— II. Chemical Engineering.— III.— Wool De^greasing 
and Grease EeooYery.—IV. Textile Industries; Calico Bleaching and Dyeing.— vT DreiDg^ 
and Cali co-Pri nting.— VI. Tanning and Fellmongery.— VII. Brewery and IMsttllery 
Waste.— Vm. Paper Mill Refuse.— IX. General Trades' Waste.— Indbx. 

** There is probably no person in England to-day better fitted to deal rationally with 
such a subject."— Art««A Sanitarian. 



In Handsome Cloth. With 59 Illustrations. 6s. net. 



A manual for the Use of Manufacturers, Inspectors, Medical Officers of 

Health, Engineers, and Others, 

By WILLIAM NICHOLSON, 

Chief Smoke Inspector to the Sheffield Corporation. 

Contents.— Introduction. — General LegiBlation against the Smoke Nuisance.— 
Local Legislation.— Foreign Laws.— Smoke Abatement.— Smoke from Boilers, Fomaces, 
and Kilns. — Private Dwelling-House Smoke. — Chimneys and their Construction. — 
Smoke Preventers and Fuel Savers. — Waste Gases from Metallurgical Fomaoes. — 
Summary and Conclusions.— Index. 

" We welcome such an adequate statement on an important subject."— SritiaA 
Medieal Journal. 

Second Edition. In Medium 8vo. Thoroughly Revised and Re- Written. 

15s. net. 

CALCAREOUS CEMENTS: 

THEIR NATURE, PREPARATION. AND U8E8. 
By GILBERT R. REDGRAVE. Assoc. Inst. C.K, 

Assistant Secretary for Technology, Board of Education, South Ken^ngton, 

And CHARLES SPACKMAN, F.C.S. 

*' We can thoroughly recommend it as a first-class investment." — Practical Engituer. 

LONDON : CHARLES GRIFFIN ft CO,, LIMITED, EXETER STREET. 8TBAND. 



OHBMISTBY AND TEOHNOLOQY. ir 

With Four Folding Plates and Kumerons lUoBtrations. Laige 8vo. 

8s. 6d. net 



A PnctJeal TrmxtiM on the Selection ofSoureea and the Distrlbutto/i of Water, 

Bt REGINALD K. MIDDLETON, M.Inbt.C.£., M.lNBT.Mn7H.E., F.S.I. 

ABRiDaiD Ck>HTBiiTS.~Iiitrodactory.— Reauirements as to Qoslity.— BMniremenU 
SI to Qusntity.— Storage Seserroln.—Parmoatlon.'— Service Beterrolra.— ^^he Flow 
of Water throuj^ Pipes. — DistribaUng Systems. — Pumping Machines. — Special 
Seqoirements. 

"As a companion for the student, and a constant reference for Uie technical man, we 
anticipate it will take an important position on the bookshelf."— PnietMcU Bngineer. 



In Large Crown 8vo. Fully Illustrated. In Two Volumes. 

VoLUHiB I. Fourth Edition. Price 78. 6d* net* 
t« II. Third Edition. Rkady Shortly. 

THE CHEMISTRY OF 



A Hand-Book on the Production ^ Purifloation, and Testing of /liuminatinff 
Qaa, and the Assay of the Bye-Produots of Qas Manufacture, 

By W. J. ATKINSON BUTTERFIELD, M.A., P.I.C., F.O.S., 

Formerly Head Ohemist, Gm Works, Beckton, London. B. 

** The BIST WORK of its kind which we have ever had the pleasure of re» 
viewing."— /ouma^ of Oaa Lighting, 



With Diagrams and Illustrations. Ss. net. 
THE PRINCIPLES OF ITS GENERATION AND USE. 

By F. H. LEEDS, F.I.O., F.C.S., 

Member of the Society of Pablic Analysts and of the Acetylene Assodation; 

And W. J. ATKINSON BUTTERFIELD, M.A., P.LC, F.C.S., 

Ck>nsiilting Chemist, Author of " The Chemistry of Gas Manufacture.** 

'* Brimful of information."— C^m. Trade Journal, 

"We can thoroughly recommend the book to the manufacturer as a reliable work 
of reference, to m user as supplying valuable hints on apparatus and methods of 
procedure, and to the student as a safe and certain goido."— Acetylene, 



Large 8vo. Handsome Cloth. Price 16s. net. 

FIRE AND EXPLOSION RI8K8: 

A Handbook of the Detection, I noeattgatton, and Prevention ofFlrea and Exploelone. 

By Dr. VON SCHWARTZ. 

Translated from the Revised German Edition 

Bt C. T. C. SALTER. 

Abbbidok) Oenbbal CoHTKNTS.~Fire8 and Kxnlosions of a General Character — 
Dangers arising from Sources of Light and Heat— l)angerons Oases.— Risks Attending 
Spedal Industries. — Materials Employed. — Anicultural Products.— Fats, Oils, ana 
Resins.— Mineral Oils and Tar.— Alcohol, ^.—Metals, Oxides, Acids, Ac.— Lightning 
Ilpiition Appliances, Fireworks. 

"The work affords a wealth of information on the chemistry of fire and kindred 
topics.**- l^^e and Water. 

"A complete and useful surrey of a subject of wide interest and vital importance."— 
OH and Colourman*9 JoumaL 
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Thirteenth Edition, Revised and Enlarged. Price 68. 

PRACTICAL SANITATION: 

A HAND-BOOK FOR SANITARY INSPECTORS AND OTHERS 

INTERESTED IN SANITATION. 

By GEORGE REID, M.D., D.P.H., 

FItiiffWf Mem, Caunciii and Examiner, Sanitarr Institute of Great BrUam, 
a$ul Medical Officer to tkt Staffordshire County Council, 

Tmiftb an Bppendfx on Sanftati? Xaw» 

By HERBERT MAN LEY, M.A., M.B., D.P.H., 

Medical Officer of Health for tht County Borough of West Bromwich, 

General Contents. — Introduction.— Water Supply: Drinking Water, Pollution of 
Water. — Ventilation and Warming. — Principles of Sewage Removal. — Details of Drainage ; 
Refuse Removal and Disposal.— Sanitary and Insanitary Work and Appliances. — Details of 
Plumbers' Work. — House Construction. — Infection and Disinfection.— Food, Inspection of; 
Characteristics of Good Meat; Meat, Milk, Fish, &&, unfit for Human Food. — Appendix: 
Sanitary Law ; Model Bye-Laws, &c. 

" A VERY USEFUL HANDBOOK, with a very useful Appendix. We recommend it not only to SANITARY 
Inspectors, but to Householders and all interested in Sanitary MdX\zrf,.''—SanUaiy Record. 



In Handsome Cloth. With 53 Illustrations. 3s. 6d. net. 

LESSONS ON SANITATION. 

By JOHN WM. HARRISON, M.R.San.L, 

Mem. Incor. Assoc. Mun. and County Engineers ; Surveyor, Wombwell, Yorkt. 

Contents. — Water Supply. — Ventilation. — Drainage.— Sanitary Building Construction. — 
Infectious Diseases.— Food Inspection.— Duties of an Inspector of Nuisances and Common 
Lodging- Houses. — Infectious Diseases Acts.— Factory and Workshop Acts. — Housing of 
the Working-Classes Act. — Shop Hours Acts. — Sale of Food and Drugs Acts. — The Mar- 
garine Acts. — Sale of Horseflesn, &c.. Rivers Pollution.— Canal Boats Act. — Diseases of 
Animals.— Dairies, Cowsheds and Milkshops Order. — Model Bye-Laws. — Miscellaneous. — 
Index. 

"Accurate, reliable, and compiled with conciseness and care.** — Sanitary Record. 



Second Edition, Revised. In Crown 8vo. Handsome Cloth. Profusely 

Illustrated. 8s. 6d. net. 

SANITARY ENGINEERING: 

A Praotioal ManucU of Town Drainage and Sewage and Refuse Diapoaal, 

For Sanitary AuthorltlM, EngliMart, Inapeotors, Aroliltoots, 
OontrMtors, ami Btudants. 

By FRANCIS WOOD, A.M.Inst.C.E., F.G.S., 

Borough Engineer and Surveyor, Fulham ; late Borough Engineer, Bacup, Lanes. 

GENERAL CONTENTS. 

Introduction.— Hydraulics.— Velocity of Water in Pipes.— Earth Pressures and Retaining 
WalLk — Powers. — House Drainage. - Land Drainage. — Sewers. — Separate System. — Sewage 
Pumping. —Sewer Ventilation. — Drainage Areas.— Sewers, Manholes, &c.— Trade RdTuse.— • 
Sewage Disposal Works. — Bacterial Treatment. — Sludge Disposal. — Construction and 
Cleansing of Sewers.— Refuse Disposal.— Chinmeys and Foundations. 

" The rolume bristles with inrormation which will be greedily read by those In nee*^ of asdttance. Tlie 
book Is oae that oug^ht to be ou tlie bookshelves of BVBRY PRACTICAL BNClNBBJL'-^SiBmteyy 7eummL 

'* A VBRITABLB POCKET COMPENDIUM of Sanitary Ent^neering. ... A work which may. In 
many respects, be considered as complete . . , commendably CAUTIOUS . . INTBRBSTING 
. . . S\JGGBSTVrE:'—PubticHeaUASHeine«r, 

LONDON : CHARLES GRIFFIN & CO.. LIMITED. EXETER STREET, STRAND. 



OHBMISTRT AND TBCHN0L0G7. 79 

Vol. I. Now Ready. In Half Morocco, 248. net. 

In Two VoiumeSf each complete in itself, 

PHYSICO-CHEMICAL TABLES 

FOR THE USE OF ANALYSTS, PHYSICISTS, CHEMICAL 
MANUFACTURERS AND SCIENTIFIC CHEMISTS. 

Voimne I. — Chemical EDgineering, Physical Chemistry. 
Volume II. — Chemical Physics, Pure and Analytical Chemistry. 

[ShorUy. 

By JOHN CASTELL-EVANS, F.I.C., F.C.S., 

Superintendent of the Chemical Laboratories, and Lecturer on Inorganic Chemistry and 

Metallurgy at the Finsbury Technical College. 

The Tables may almost claim to be exhaustive^ and embody and collate all the most 
recent data established by experimentalists at home and abroad. The volumes will be 
found invaluable to all engaged in research and experimental investigation in Chemistry and 
Physics. 

The Work comprehends as far as possible all sulks amo tablss required by the 
Analyst, Brewer, Distiller, Acid- and Alkali-Manufitctiu'er, &c, &c ; and also the priii- 
cipal data in ThbrmoChbmistrv, Elbctro-Cmbmistky, and the various branches of 
Chbmical Physics. Every possible care has been taken to ensure perfect accuracy, and 
to include the results of the most recent investigations. 



Second Edition. In Large 8vo. Handsome Cloth. Beautifully 
Illustrated, With Plates and Figures in the Text, 

Road Making and Maintenance: 

A PBACTICA L T REATISE FO B EN QINEEB8, 

SUBVEYOBSy AND OTHEB8. 

With an Histobical Skbtoh or Anoisnt and Modern Prachob. 

By THOS. AITKEN, Assoc.M.Inst.O.E., 

Member of the Aasooiation of Hunloipal and Ooonty Engineers; Member of the Sanitary 
Inst. ; Sorreyor to the Ooonty Ootmcil of TOe, Onper Division. 

WiTH NUMEROUS PLATES, DIAGRAMS, AND lUUSTRATIONS. 

Contents. — Historical Sketch. — Resistance of Traction. — Laying out 
New Roads. — Earthworks, Drainage, and Retaining Walls. — Road 
Materials, or Metal. — Quarrying. — Stone Breaking and HanlM^e. — ^Road- 
Rolling and Scarifying. — The Construction of Kew, and the l£dntenanoe 
of existing Roads. — Carriage Ways and Foot Ways. 

"Tbe Literary style is bxciluht. ... A comfasbijisivb and ixciLLin Modem Book, an 
VF^o-DAVS work. % . . Should be on the reference shelf of every Monlcipal and Coonty 
Bn|{lneer or Sorreyor in the United Kingdom, and of every Colonial Bngineer."— 2^ Swrvtfor, 

lONDON: CHARLES GRIFFIN « CO., LIMITED, EXETER STREET, STRAND. 
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Fourth Edition, Revised and Enlarged. With Illustrations. 12s. 6d. 

Painters' 
Colours, Oils, & Varnishes: 



By GEORGE H. HURST, F.C.S., 

Member of the Society of Chemical Industry ; Lecturer on the Technology of Pftintert' 
Colours, Oils, and Varnishes, the Municipal Technical School, Manchester. 

General Contents.— Introductory— The Composition, Manufacture, 
Assay, and Analysis of Pigments, White. Red, Yellow and Orange, Green, 
Blue. Brown, and Black— Lakes— Colour and Paint Machinery— Paint Vehicles 
(Oils, Turpentine, &c., &c.)— Driers — Varnishes. 

" A THOROUGHLY PKACTICAL book, . . . the ONLY English wock that satisfactorily 
treats of the manufacture of oils, colours, and pigments."— CilM«iir«/ Tradti? Jtmmal. 

*^* For Mr. Hurst's Garment Dyeing and Cleaning, see p. S4. 



In Crown 8vo. Handsome Cloth. With Illustrations. 5s. 

THE PAINTER'S LABORATORY GUIDE. 

A Student's Handbook of Paints, Colours, and Vamlshes. 

By GEORGE H. HURST, F.C.S., M.S. CI. 

Abstract of Contents. — Preparation of Pigment Colours. — Chemical Principles 
Involved. — Oils and Varnishes. — Properties of Oils and Vainishes. — Tests and Elxperiments. 
—Plants, Methods, and Machinery of the Paint and Varnish Manufactures. 

This Work has be*H deu^tudby tfie Author Jor the Laboratory of the Technical School^ and 
of the Paint and Colour Works ^ and for all interested or eng^aged in these industries. 

"This excellent handbook, . . . the model of what a handbook should be." — Oils^ 
Colours^ and Drysalteries, 



Second Edition, Revised. In Crown 8vo. extra. With Numerous Illustra- 
tions and Platei (some in Colours), including Original Designs. 12b. 6d. 

Painting and Decorating: 

A Complete Practical Manual for House 
Painters and Decorators. 

By WALTER JOHN PEARCE, 

LICTUKES AT THB MAlTOBUnUI TXCRKKUL SCHOOL lOB HOUBK-FAnrmiQ AVD OSOOBATDIO. 

GENERAL CONTENTS. 
Introduction — Workshop and Stores — Plant and Appliances — Brushes and 
Tools— Materials : Pi^ents, Driers, Painters' Oils— Wall Han^;ingB-~Pa^ 
Hanging— Colour Mizm^ — Distempering— Plain Painting — Stainmg— Varnish 
and Varnishing — Imitative Paintmg — Graininff — Marhling — GHlmng — Sign- 
Writing and Lettering— Decoration : General Principles — Decoration in Dis- 
temper — Painted Decoration — Relievo Decoration — Colour — Measuring and 
•RatiTnAting — Coach-Painting— Ship-Painting. 

" A THOROUGHLY USZFUL BOOK . . . GOOD, SOUND, PRAOTIOAL IKFOB- 

MATION in a CLEAR and concise iqku.,**— Plumber and Decoralor, 

*' A THOROUGHLY GOOD AND RKLIABLB TBXT-BOOK. . . . So FULL and 

OOMPLXTE that it would be difficult to imagine how ansrthing further could be 
added about Uie Painter's cnXV^—BuUdtri Journal. 

LONDON: CHARLES GRIFFIN A CO., LIMITED. EXETER STREET, STRAND. 



CHEMISTRY AND TEOHNOLOOY. Sr 

Second Edition. In Large 8vo. Handsome Cloth. With 4 Plates 

and Several lUostrations. 16s. net. 

THE CHEMISTRY OF INDIA RUBBER. 

A Treatise on the Nature of India Rubber, its Chemical and 

Physical Examination, and the Determination and 

Valuation of India Rubber Substitutes. 

Including the Outlines of a Theory on Vulcanisation, 
By carl otto WEBER, Ph.D. 

" Replete with scientific and also with technical interest . . . The section on physical 
properties is a complete ristimi of erery ^ing known on the subject.** — ImUa^rwbbtr jeumaL 



In Large Crown 8vo. Fully Illustrated. 5s. net. 

oiliUe:, OEsiLiJLrriiarE:, 

AND THBIR ALLIED PRODUCTS, 

A Practical Htuidbook for the Manufacturer, Agriculturist, and Student of Technology. 

By THOMAS LAMBERT, 

Analytical and Technical Chemist. 

Contents. — Histoncal.—GLUB.— Gslatine. — Size and Isinglass.— Treatment oi Efflu- 
ents produced in Glue and Gelatine Making. — Liquid and other Glues, Cements, &c. — Uses 
of Glue and Gelatine.— Residual Products.— Analysis of Raw and Finished Products.— 
Appendix.— Indbx. 

"A sufficient account of modem methods of working, chiefly from a practical standpoint. 
A book ... of real v^Mt.**^CAfmicaJ Nnvs. 



In Medium 8vo, Handsome Cloth. Fully Illustrated. 12s. 6d. net. 

PAPER TECHNOLOGY: 

AN ELEMENTARY MANUAL ON THE MANUFACTURE, PHYSICAL QUALITIES. 

AND CHEMICAL CONSTITUENTS OF PAPER AND OF 

PAPERMAKING FIBRES. 

With Selected Tables for Stationers, Publishers, and Others. 

By R. W. SINDALL, F.C.S. 

Contents.— Introduction.— Technical Difficulties relating to Paper.— The Manufacture 
of Rag Paper. Hand-made, Machine-made ; Esparto Papers : Chemical Wood Pulp ; Me- 
chanical Wood Pulp ; Wood Pulp Papers ; Art Papers : Hemp, Jute, and other Papers.— 
The Physical Qualities of Paper: Weight, Thickness, Strength, Elasticity, &c.— The 
Chemical Constituents of Paper : Clay, Pearl Hardening, Gelatine, Casein, Kosin, Alum, 
Starch, Pi^ents, Aniline Dyes, Ac— Chemical Analysis of Paper.— Microscopical Analy* 
sis.~Conditions Affecting Quality. — "C.B.S. Units."— Vegetable Fibres used in Pai>er- 
making.— Chemical and Physical Characteristics of Fibres.— Cellulose.— Statistics relating 
to Paper.— Tables.— Bibliography.— Index. 



In Large 8vo. Handsome Cloth. With Plates and Illustrations. 7s. 6d. net. 

THE MANUFACTURE OF INK. 

A Handbook of the Production and Properties of Printing, 

Writing, and Copying Inks, 

By C. a. MITCHELL, B.A., F.I.C., F.C.S., & T. C. HEPWORTH. 

Gbnbsal Contsnts.— Historical.— Inks and their Manufacture.— Writins Inks.— 
Carbon and Carbonaceous Inks. — Tannin Materials for Ink.— Nature of Inks. — Manu&cture 
of Iron Gall Ink. — Logwood, Vanadium, and Aniline Black Inks. — Coloured Inks. — 
Examination of Writing Inks. — Printing Inks. — Early Methods of Manu&ctture.— 
Manufacture of Varnish Inks. — Preparation and Incorporation of the Pigment — Coloured 
Printing Inks.— Copyins Inks. Marking Inks.— Natural Vegetable Inks.— Safety Inks 
and Papers. — Sympathetic Inks. — Ink Powders and Tablets. — Appendices. — Patent 
Specifications, &c. 

"Thoroughly well arranged . . . and ofa genuinely practical order. "—.^rf/rf A /Vr>fi!rr. 

LONDON : CHARLES GRIFFIN ^ CO., LIMITED, EXETER STREET, STRAND. 
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Second Edition, Thoroughly Revised Throughout, In Two Large 

Volumes, Handsome Cloth, 

A MANUAL OF DYEING; 

fOR THE USE OF PRACTICAL DYERS, MANUFACTURERS, STUDENTS, 
AND ALL INTERESTED IN THE ART OF DYEING. 

BY 

E. KNECHT, Ph.D., F.I.C., CHR. RAWSON, F.I.C., F.C.S., 

Head of tbs Ohamiatrj and Dreinr DepartmeDt of L«t« Head of the ChemiatiT and Dyeinff DtpaitinMit 
tha TMdbnloal School, Maneheater: Editor of " Tha of the Technioal OoUcm. Bradfoird t Mambar 
Journal of tha Boeiety of Dyare and Ck>loariste ; " Council of the Booietj of Djam and OoloarlstiS 

And RICHARD LOEWENTHAL, Ph.D. 

GsNSRAL Contents. — Chemical Technology of the Textile Fabrioe — 

Water — Washing and Bleaching — Acids, Alkalies, Mordants — Natural 

Colouring Matters — Artificial Organic Colouring Matters— Mineral Coloom 

— Machinery used in Dyeing — Tinctorial Properties of Colouring Matters — 

Ana^sis and Valuation of Materials used in Dyeing, Ac, &o. 

'* Tbia aothorltative and exhaastive work ... the mobt complbtk w have yet seen 
on ttie ■abject "~7%x<<^ Mamkfaetwer. 



In Large 8vOy Handsome Cloth, Pp, i-xv + 405. 16s. net. 

THE SYNTHETIC DYESTUFFS, 

AND 

THE INTERMEDIATE PRODUCTS FROM WHICH THEY ARE DERIVED. 

By JOHN CANNELL CAIN, D.Sc. (Manchester and TObinobn), 

Technical Chemist, 

And JOCELYN FIELD THORPE, Ph.D. (Heidelberg), 
Lecturer on Colouring Matters in the Victoria University of Manchester. 

Part I. Theoretical. Part II. Practical. Part III. Analsrtleal. 

" We have no hesitation in describing this treatise as one of the most valuable books 
that has appeared. . . . Will give an impetus to the study of Organic ChemlstiT 
generally."— CTi€mioai Trade Journal. 



Companion Volume to Knecht <C* Rawson's ** Dyeing," In Large 8vo. 
Handsome Cloth, Library Style. 16s, net. 

A DICTIONARY OF 

DYES, MORDANTS, & OTHER COMPOUNDS 

USED IN DYEING AND CAUCO PRINTING. 

with FormuicB, Properties, and AppUeations of the various substances described, 

and concise directions for their Commercial Valuation, 

and for the Detection of Adulterants. 

By CHRISTOPHER RAWSON, F.I.O., F.C.S., 

Coninlting Chemist to the Behar Indigo Planters' AsBociation ; Co-Author of *' A Manual 

ofDyelng;" 

WALTER M. GARDNER, F.O.S., 

Head of the Department of Chemistry and Dyeing, Bradford Municipal Technical College : 
Editor of the " Joum. 8oc Dyers and Golourists ; " 

And W. F. LAYOOOK, Ph.D., F.O.S., 

Analytical and Consulting Chemist. 
•'Turn to the book as one may on any subject, or any subatanoe in connection with the 
trade* and a reference is sure to be found. The authors have apparently left nothing out** 
-'TextiU Mereum. ___^^^_^_— 

LONDON: CHARLES GRIFFIN A CO.. LIMITED. EXETER STREET, STRAND. 



THE TMXTILE INDV8TR1E8. S3 

Large 8vo. Profusely Illustrated with Plates and Figures in the Text 

16s. net. 

THE SPINNING AND TWISTING OF LONG 

VEGETABLE FIBRES 

(FLAX, HEMP, JUTE, TOW, & RAMIE). 

A Practical Manual of the most Modern Methoda a» applied to the Hackling, Carding, 
Preparing, Spinning, and Twisting of the Long Vegetable Fibres of Commerce. 

Bt HERBERT R. CARTER, Belfast and LUle. 

General Cohtents.— Lone Vegetable Fibres of Commerce.— KUe and Growth of 
the Spinning Industry.— Raw Fibre Marlceta. —Purchasing Baw Material.— Storing and 
Preliminary Operations.-Hackling.— Sorting.— Preparing.— Tow Carding and Mix£ig.— 
Tow Combing.— OiU Spinning.— Tlie Roving Frame.— Dry and Demi-sec Spinning.— Wet 
Spinning.— Spinning waste.— Yam Reeling.- Manufacture of Threads, Twines, and 
Cords.— Rope Making.— The Mechanical Department.— Modem Mill Construction.— 
Steam and Water Power.— Power Transmission. 

" Meets the requirements of the Mill Manager or Advanced Student in a manner 
perhaps more than satisfactory. . . . We must highly commend the work as repre- 
senting up-to-date practice."— iVatttre. 



In Large 8vOf Handsome Cloth, with Numerous Illustrations, 98. net, 

TEXTILE FIBRES OF COMMERCE. 

A HANDBOOK OF 

The Ooourrence, Distribution^ Preparation, and Industrial 

Uses of the Animal, Vegetable, and Mineral 

Products used in Spinning and Weaving. 

By WILLIAM I. HANNAN, 

Lecturer on Botany at fbe Ashton Mnnicipal Technical School, Lecturer on CottOL 
Spinning at the Chorley Scienco and Art School, Ac. 

With Niiznerous Photo EngravlngB from Nature. 

** UsKFUL IvroBMAnoN. . . . Admibable Illdstsatiohs. . . . The information 
is not easily attainable, and in its present convenient form will be valuiU>le." — Textile 
Recorder. 

-: I - 

In Large 8vo, with Illustrations and Printed Patterns. Price 218. 

TEXTILE PRINTING: 

A PBACTIOAIi MANUAIi. 
Including the Processes Used in the Printing of 
COTTON, WOOLLEN, SILK, and HALF- 
SILK FABBICS. 

By C. F. SEYMOUR ROTHWELL, F.C.S., 

Mem. Soc. of Chemical Induetria; laU Lecturer at the Municipal Techaical aehool, 

Manchester. 

General Ck)NTEKT8. — Introdaction. — The Mftchinery Used in Textile 
Printing.— Thickeners and Mordants.— The Printing of Cotton Goods.— The 
Steam Style.— Colours Produced Directly on the Fibre.— Dyed Styles.— 
Padding Style.— Resist and Discharge S^les.— The Printing of Compound 
Colourinn, &a— The Printing of Woollen Goods.— The Printing of Silk 
Gtoods.— rraotioal Recipes for Printing.- Useful Tables.— Patterns. 

** Bt fab TBS BIST and mo«t pbaotioal book on tsxtilb PBnmirQ which has yet basa 
brought out, and will long remain the standard work on the ■abjeol It is eaaentUUy 
praeacal in charaoter."— 2Vr<a« Mercury. 

** Thb most PBAonoAL MABUAL of TBXTiu pEXBTDrQ whioh luM yet appeared. We have 
BfO hesitation in reoommendlng it**— f%« TexiUe Manufacturer. 

LONDON: CHARLES GRIFFIN A CO.. LIMITED. EXETER STREET. STRAND. 
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Large Syo. Handsome doth. 12b. 6d. 

BLEACHING & CALICO-PRINTING. 

A Short Manual for Students and 

Practical Men. 

By GEORGE DUERR, 

Dtaredor of the Bhmrtitng, I>f«Iiik, and Printtnf Deputment at the Aeerlnctoa and Bacup 
Technical Bohoola : Ohemlit and Oolooiiafc at the Inrell Print worki. 

Assisted bt WILLIAM TURNBULL 

(of TnrnboU h Stockdale, Limited). 

With IlluBtrationB and upwards of One Hundred Dyed and Printed Patterns 
designed specially to show various Stages of the Processes described. 

GENERAL CONTENTS.— CJotton, Composition of; Blkachuto, New 
Processes ; Printing, Hand-Block ; Flat-Press Work ; Machine Printing— 
MoBDANTS— Sttles OF Calico-Pbiktino : The Dyed or Madder SMe, Resist 
Padded S^le, Discharge and Extract Style, Chromed or Raised Colours, 
Insoluble Colours, Ac — Thickeners — Natural Organic Colouring Matters 
— Tannin Matters — Oils, Soaps, Solvents — Organic Acids — Salts — Mineral 
Colours— Coal Tar Colours — Dyeing — Water, Softening of —Theory of Colours 
— Weights and Measures, &c. 

'* When a sbadt wat out of a difflculty is wanted. It is is books likb this that it Is fonnd."— 
TcKtQe tUeorder, 

"Mr. Duiee's woKK will be found MOST usiruL. . . . The information given is of oiiAf 
VALUE. . . . The Recipes are thoeouohlt peactical"— Textile Manv/aeturmr, 



Second Edition. Revised and Enlarged. With Numerous 

Illustrations. 4s. 6d. 

GARMENT 
DYEING AND CLEANING. 

A Practical Book for Practical Hen. 

By GEORGE H. HURST, F.C.S., 

Member of the Society of Chemical Industry. 

General Contents.— Technology of the Textile Fibres— Garment Cleaning 
— Dyeing of Textile Fabrics— Bleaching — Finishing of Dyed and Cleaned Fabrics — 
Scouring and Dyeing of Skin Rugs and Mats — Cleaning and Dyeing of Feathers- 
Glove Cleaning and Dyeing — Straw Bleaching and Dyeing— Glossary of Drugs 
and Chemicals — Useful Tables. 

" An UP-TO-DATE hand book haa long been wanted, and Mr. Hurst has done notUnc 
more complete than this. An important work, the more so that several of the branches o? 
the craft here treated upon are almost entirely without English Manuals for the foidanoe 
of workers. The price brings it within the readi of all.**— ^^^r and CaUc0-PrmUr, 

** Mr. Hurst's woix decidedly fills a want . . . ought to be in the hands of 
EVERY GARMENT DYER and cleaner in the Kingdom"— 7Vjr/!ri!r Mtrcury, 

LONDON : CHARLES GRIFFIN ft CO.. LIMITED. EXETER STREET. STRAND. 
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** Boyi OOUKD SOT HATB A MOBS ALLURDia DITEODUOnOS tO ■dentUiO pOISIlItt 

lliMi tMM ofaarmliic-looldiig volnmat."— Lettor to the Fnbllili«n from the HmuI* 
mutar of CM of oor gnatPabUo Sobooli. 

Handfloma Cloth, 7a. 6d. Gilt, for Pretentfttum, 8i. 6d. 

mj^-m STUDIES % B0TA]1¥: 

SKETCHES OF BRITISH WILD FLOWEBS 

nr THEIB HOMES. 

By R. LLOYD PRAEGER, B.A., M.R.LA. 

Ulnstrated by Drawings from Nature by S. Rosamond Praeger, 

and Photographs by R. Weleh. 

Gbnisal Contents. — A Dusy-Starred Pasture— Under the Hawthoma 
—By the River — Along the Shingle — A Fragrant Hedgerow— A Connemara 
Boff — ^Where the Samphire stowb — A Flowery Meadow — Among the Com 
(a Study in Weeds) — in the Home of the Alpines — A City Rubbish-Heap — 

Glossary. 

"A nUEBH AND BTlKULATliiO book . . . should take a high placa . . . The 
nimtrations are drawn with much MXL."—Th6 Time*. 

" BlAUTVULLT ILLUSTRATED. . . . One of the MOST AOOURATK M well M 

nrTiBiSTnro booka of the kind we have Been."—Athena6um, 

"Redolent with the scent of woodland and meadow."— TAe Standard. 



With 12 Full-Page llluatrationa from Photographs. Cloth. 
Second Edition, Revised. 88. 6d. 

OPEHItl STODIES Ijl GEOLOGY: 

An Introduction to Geolosry Out-of-doors. 

By GRENVILLE A. J. COLE, F.G.S.. M.R.I.A., 

Professor of Geology in the Boyal Collie of Science for Ireland, 
and Examiner in the University of London. 

GufSBAL Contents. —The Materials of the Earth— A Mountain Hollow 

— Down the Valley — Along the Shore — Across the Plains — Dead Volcanoes 

—A Gianite Highland— The Annals of the Earth— The Surrey Hills— The 

Folds of the Mountains. 

"The FAsonsATiHo 'Opsr-Ais Stddiu' of Paor. Ooui flrive the sabjeot a glow or 
▲xiKATioir . . . cannot faU to aroase keen interrat in geologj."^OeolOffieal Magatme. 
"A OHARSfncQ BOOK, boaatifaliy lllastrated."-il^A«ticum. 



Beautifully Illustrated. With a Frontispiece in Colours, and Numerous 
Specially Drawn Plates by Charles Why m per. 7s. 6d. 

OPE]i"Altl STUDIES iH BKlD-LipE: 

SKETCHES OF BRITISH BIRDS IN THEIR HAUNTS. 
By CHARLES DIXON. 

The Spacious Air. — The Open Fields and Downs. — In the Hedgerows. — On 
Open Heath and Moor.— On the Mountains. — Amongst the Evergreens.— 
Copse and Woodland.— By Stream and Pool— The Sandy Wastes and Mud- 
flats.— Sea-laved Rocks.— Birds of the Cities.- Index. 

"Enriched with excellent illustrations. A welcome addition to all libraries.''— ^m/- 
minsUr Rrview. 

lONDON : CHARLES GRIFFIN ft CO.. LIMITED, EXETER STREET. STRANB 



